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As long ago as 1887 John Brown Buist, a grad- 
uate of Edinburgh University, published a monograph in 
which he stated that the infective agents of variola 
and vaccinia were minute bodies, much smaller than 
the pyogenic cocci found in vaccinial pustules. 
Buist's historical studies were performed in a small 
bacteriological laboratory at the University attached 
to the Department of Surgery under the direction of 
Professor Cheyne, and it is of particular interest to 
mention that this laboratory, which was instituted in 
1882, was probably the first laboratory of its kind in 
Great Britain. 
Unhappily Buist's work failed to receive the 
credit it deserved, and it was not until 1937 that 
Mervyn Gordon drew attention to the priority of 
Buist's claims in the discovery of the virus elemen- 
tary body. In 1906, Paschen of Hamburg working along 
similar lines to those of Buist also observed that the 
virus of variola- vaccinia was a minute structure which 
he named the elementary body, and which term has sub - 
sequently been retained in the literature. During 
the last fifteen years the aetiology of virus diseases 
has been intensively investigated and the efforts of 
physicists/ 
physicists, chemists, crystalographers and others 
have been united together in an attempt to solve some 
of the more difficult problems which have arisen. It 
would serve no useful purpose to reiterate the sequence 
of scientific events which have culminated in the 
present state of our knowledge regarding virus bodies, 
but in general terms it can be said that progress has 
occurred along two lines of investigation, namely, by 
the direct study of virus morphology by microscopy, 
and from indirect evidence of size and other prop- 
erties by means of filtration and centrifugation exper- 
iments. 
Many different types of elaborate and expensive 
equipment have been devised for this class of research 
and apparatus such as the U -V light, electron, and 
fluorescence microscopes have been invented. Much, 
nevertheless, can be accomplished with every day 
optical equipment and in my work I have tried to show 
how many of the so- called ultra- microscopic and in- 
visible viruses can be studied with advantage by the 
ordinary microscope, and I have described certain 
technical features which should prove of assistance to 
others engaged in the examination of pathological 
tissues for elementary bodies. 
In any approach to this subject it is essential 
first to review the relevant literature, and secondly 
to examine and discuss the physical, chemical and 
physico - chemical principles upon which instruments 
such/ 
such as the ultra violet light, electron, and fluor- 
escence microscopes are constructed. Only in this 
way can one interpret the significance of published 
research and correlate them with one's own deductions. 
The following pages contain a comprehensive 
description of apparatus used, their mode of operation, 
scope of usefulness and methods of interpreting data. 
The text is subdivided into sections dealing with 
microscopy, staining, filtration and centrifugation, 
in which are contained personal observations on the 
morphology of the elementary bodies of myxoma and 
their centrifugalisation, also an account of the 
existence of elementary bodies in Rift Valley fever. 
CHAPTEW I 
THE MICROSCOPICAL EXAMINATION OF 
ELEMENTARY BODIES 
THE USE OF THE ORDINARY MICROSCOPE FOR THE 
DEMONSTRATION OF ELEMENTARY BODIES 
THE detection of elementary bodies has become a matter of consider- 
able importance in the recognition of certain virus diseases, and in recent 
years these bodies have been demonstrated in, for example, vaccinia, 
variola, ectromelia, herpes, varicella, psittacosis, fowl -pox, canary -pox, 
infectious myxomatosis, and fibromatosis of rabbits. The value of the 
ordinary microscope for this purpose has been somewhat underrated. 
The limit of visibility is stated by Coles (1929) to be 0.074 µ with 
ordinary white light and 0.0673 µ with green light. The macula of the 
retina is most sensitive to green light and, owing to the additional contrast 
which is imparted, a smaller object becomes more easily visible with 
green than with white light. It must be borne in mind that the employ- 
ment of mordants for staining elementary bodies increases then size, 
so that although vaccinia virus may actually be 0.15 F, in diameter 
by ultra -filtration measurements, after staining it may appear to be 
0.3 µ. With improvements in technique it is possible that viruses even 
smaller than 0.067 p. may be seen as stained particles. There are indi- 
cations that further developments are likely to occur along these lines; 
and recently Merling- Eisenberg (1938), by t4. ing advantage of the fact 
that the limit of visibility is greater in the dark field, has succeeded 
in photographing the particles of a B. coli bacteriophage which only 
measured 0.025 µ in diameter. A particle of such size lies on the border -line 
of visibility, and great skill and care are required to differentiate between 
virus particles and artefacts. `the limit of visibility mentioned above must 
not be confused with the limit of resolution. The latter is generally stated to 
be 0.25 µ with direct light: this figure represents the smallest space that 
could be appreciated by the eye if two objects were placed near to each 
other. For example, if two parallel lines were gradually brought closer 
together, as soon as they were less than 0.25 µ apart it would be impossible 
to discern the gap existing between them and this distance would repre- 
sent the limit of resolution. Thus, the two images would seem to have 
fused together and appear as a single straight line ; according to Johnson 
(1928), an objective possessing a numerical aperture of 1.4 is able to 
resolve a space of 0.2 µ or separate 140,000 lines per inch. 
When employing oblique illumination, the limit of resolution or separa- 
tion is smaller still, and two refractile dots, viewed in a dark field, can be 
separated if they are situated less than 0.2 µ apart, and by means of dark - 
field illumination phage particles of the order of 25 mµ in size have been 
photographed by Merling- Eisenberg (1938). 
Whilst the limit of resolution with a lens of 1.4 N.A. is about 0.25 µ, 
the limit of visibility of this glass when used at full aperture is 0.074 µ 
for a deeply stained particle seen with ordinary white light, and 0.0673 p. 
for one viewed in green light (Coles, 1929). 
The resolving power of a lens has been theoretically explained by 
, Martin and Johnson (1931). Owing to the wave nature of light, an objec- 
tive is unable to reproduce a sharply defined outline of a minute. brightly 
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illuminated object ; instead of which it produces an image that consists of a 
central bright spot surrounded by a series of concentric diffraction rings. 
This phenomenon has been called the Airy (1834) disk, the radius of 
which (h') is deduced according to the formula h' = 0.61A sin U'' when A = the 
wave- length of light employed and U' = the angle between the marginal 
rays of the lens and its optical axis. Hence, if two point objects be 
brought closer towards each other, it can be proved by means of an 
intensity curve drawing that the two images will be separated by a dark 









Fia. 1. Diagram to explain formation of 
Airy disk. 
is at least approximately equal to the radius of the Airy disk (see Martin, 
1925 -6). 
By application of the sine relation to an optical system it can be shown 
from Fig. 1 that nh sin U = n'h' sin U', where n and n' represent the 
refractive indices of the media lying on the object and image sides of 
the lens and U and U' the angles subtended by the marginal ray and 
the optical axis. In order to find the smallest distance between two 
objects conditional with resolution, h' must be substituted by the value 
of the radius of the Airy disk which is 
6 
A and accordingly 
sin 
nh sin U = n' x 61.1 X sin ti'. 
sin U' 
But since the refractive index of the medium in which the image is formed 
0.611 
is air and this is equal to unity, h = sin But n sin U is èqual to the, 
numerical aperture (N.A.) of the lens (see Mackie and McCartney, 1938, 
0.61A 
for explanation), therefore h = NA. . It can accordingly he stated that 
the resolving power of an objective is directly proportional to the wave- 
length of light employed and varies inversely with the numerical aperture 
of the lens. In the following pages, with the help of a diagram, we shall 
describe a simple method by which the limit of visibility can be proved to 
be smaller than the limit of resolution. 
The Limits of Visibility and Resolution Diagrammatically 
Explained 
We have just mentioned that when using direct light the limit of visi- 
bility is smaller than the limit of resolution. In other words, it is easier 
for the human eye to perceive a deeply stained particle than to discern 
a space of the same size lying between two parallel lines. This fact can be 
demonstrated graphically by means of a scale drawing. Let us presume 
that Fig. 2 represents a microscopic field viewed under X 1,000 magni- 
fication, showing a series. of circular black dots, the largest of which 
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measures 1 µ and the smallest 0.1 in diameter. Adjacent to each of these 
is a pair of parallel lines separated by a distance equal to the diameter of 
the circle opposite to it. Thus, the gap between the first and widest pair 
of lines measures 1 µ and the list and narrowest is 0.1 µ. 
A glance at the range of black spots, which may be assumed to represent 
deeply stained particles in a microscopic field, will immediately show that, 
whereas a minute black circle of 0.4 µ is readily visible, it is perhaps not 
so easy to see a gap of 0.4 µ between the corresponding parallel lines. 
The next pair of objects makes this point more clear, for it will be ob- 
served that, although a particle of 0.2 µ in diameter can still be distinctly 
Fm. 2. Fm. 3. 
Fm. 2. For the interest of the reader we should like 
to state that the above minified illustration was pre- 
pared from an accurate scale drawing made on graph 
paper in which the largest circle measured 1 centimetre 
and the smallest 1 millimetre.. The diagram was then 
reduced ten times so that the largest circle became 1 mm. 
and the smallest 0.1 mm. The drawing has been placed 
in a circular mask in order to convey the impression seen 
in a, x 1,000 microscopical field in which the largest 
circle was 1 W in diameter. The distance between each 
set of parallel lines corresponds to the size of the adjacent 
circles. 
Fm. 3 is a negative print of Fig. 2 and represents the 
view seen under dark -ground illumination. 
seen with the naked eye, it becomes more difficult to separate two lines 
placed 0.2 µ apart. That a gap really exists between these two lines there 
need be no doubt, for the reader has only to place a magnifying reading 
glass over the diagram when the two lines will become readily visible. 
Finally, with the help of the magnifying glass it may also be possible to 
detect the smallest circle of the series, which measures 0.1 µ in diameter, 
while two lines situated the same distance apart appear as a single image. 
By means of these arguments and the assistance of the illustration we 
have provided, the reader may be able to convince himself that the limit 
of visibility is smaller than that of resolution. 
We stated that when employing dark -ground illumination both the 
limits of visibility and of resolution were enhanced. This can be prayed 
by a study of Fig. 3 which consists of a negative prepared from Fig. 2, 
showing the series of circles and parallel lines precisely as they, would 
appear if seen as brightly illuminated objects against a dark background. 
From a comparison of Fig. 2 and Fig. 3 it will be observed that the 
circles and spaces betvyeen the parallel lines are more easily visible in 
Fig. 3 than in Fig. 2. This is so because a stained particle viewed by 
direct light is always less easy to see than a brightly illuminated object of 
the same size placed against a dark background. In other words, the 
contrast between the object and its background is greater in Fig. 3 than 
in Fig. 2, which results in increased visibility and particularly resolution 
when using dark- ground illumination. To some extent, therefore, the 
limit of resolution can be increased by using a more powerful source of 
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light and increasing the amount of contrast between the object and its 
surroundings. A good example of a practical illustration showing this 
point is that of the fixed stars seen on a clear night. Although these can 
be seers with the naked eye, they are in reality far below the limit of resolu- 
tion of even the most powerful telescope, and their apparent magnitude, 
therefore, depends solely on their brightness against the black sky, thus 
the brighter the star, the larger it appears to be, irrespective of its real 
size. 
Optical Equipment. The choice of suitable equipment' is as important 
as the correct use of it, and strict attention should be paid to the maker's 
instructions regarding the optimum conditions under which each lens is 
designed to function. The source of illumination that we have found most 
suitable for this class of work has been that provided by the short filament 
low- voltage electric lamp bulb, and a lamp containing a 12 -volt 4 -amp. 
bulb should be fitted with a condenser and an iris diaphragm for dark -field 
and critical bright -field illumination, as well as a ground -glass screen for 
direct observations. 
Before examining a preparation for elementary bodies it is necessary to 
ensure that the incandescent filament, substage condenser, objective, and 
eyepiece are accurately centred and in perfect alignment ; for with particles 
of less than 0.3 µ critical illumination is imperative. Stained films should 
be made on slides of 1.1 mm. thickness, and should be mounted prefer- 
ably in cedar -wood off. It is also advantageous to use only preparations 
which have been previously compressed between two heavy weights for' 
24 hours, in order to ensure that the coverslip and slide are brought as 
close as possible to each other. The preparation should be viewed first by 
direct. light with the low -power dry objective to ascertain the types of 
cells present, and then a 2 mm. oil immersion objective with X 10 and X 15 
oculars can be used to search for elementary bodies. Fields showing only 
scanty elementary bodies should be disregarded and, if possible, clumps 
of them should be sought. Individual bodies or pairs should be moved 
into the centre of the field and carefully scrutinized, first with the x 10 and 
then the X 15 ocular ; the fine adjustment should be continuously used 
and the height of the substage condenser varied in order to focus accur- 
ately the light upon individual particles. The substage condenser dia- 
phragm aperture may also be slightly closed in order to give greater 
depth of focus, and a green filter can be used with added benefit, so as to 
impart greater contrast to the particle. The length of the microscope draw - 
tube should also be adjusted to suit the coverslip and slide thickness (see 
Martin and Johnson, 1931). Each stained film made from pathological 
material intended to be examined for elementary bodies should be accom- 
panied, if possible, by two control specimens, one from a similar source 
of normal tissue, and the other from a specimen which is known to contain 
elementary bodies, for, unless such controls are included in each series, 
erroneous conclusions are likely to ensue. All three slides should be 
The following apparatus has been found useful (van Rooyen, 1937): Patna 
microscope (Watson) fitted with rackwork draw -tube, universal mechanical stage 
and centring substage mechanism; compensating eyepieces x 10, x 15, and x 20; 
apochromatic objectives, 2 mm. (12 in. oil immersion) of N.A. 1.4 (Leitz) or 2 mm. 
holoscopic objective of N.A. F37 (Watson); 8 mm. dry apochromatic objective of 
N.A. 0.65 (Zeiss); and 6L dry achromatic objective of N.A. 0.65 (Leitz). The most 
suitable substage condensers have been found to be either the (Watson) ,parachro- 
matie dry condenser of N.A. 1 or, better, the holoscopic oil immersion model of 
N.A. 1.3 or 1.7. With the latter, however, the slide must not exceed 1.3 mm. in. 
thickness (see Bridges, 1936, for details regarding an oil- retaining level for oil im- 
mersion substage condensers). 
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stained together and examined consecutively. The staining reactions 
and morphology of any virus bodies having been noted, the same field 
should next be examined by dark -ground illumination. This can be done 
by revolving the nosepiece bearing the 2 mm. objective away from the slide 
(which should be firmly fixed to. the microscope stage with spring clips), 
wiping the oil from the surface of the coverslip with a piece of muslin, 
and then moving either the 6L1 or 8 mm.1 lens into position. The objec- 
tive should next be focused upon the slide, the ground -glass lamp screen 
Fia. 4. Photomicrograph taken with the ordinary microscope showing 
the elementary bodies of vaccinia viewed in the dark -ground field. The 
picture was taken with a Leitz 6L dry high -power objective and X 14 ocular; 
the total magnification is x 630. 
removed, both iris diaphragms fully opened, and a patch stop . or a 
Travis's expanding stop inserted into position in the condenser substage 
ring. Dark -ground illumination is now obtainable, and it should be 
possible to determine whether or not the stained elementary bodies pre- 
viously seen in the field are also refractile to obliquely transmitted light 
(Fig. 4). By reversing the steps detailed above, it should be possible to 
restore the direct illumination for the same field. This method enables 
an observer to study a stained preparation first by direct light and next 
by dark -ground illumination, without moving the field or having to do 
any more than insert a Travis's patch stop into the substage condenser. 
The Direct Measurement of Elementary Bodies by Micrometry and 
by Extinction 
The measurement of minute microscopical objects presents special 
difficulties. Three methods are available for the purpose : namely, direct 
photography, the use of a micrometer eyepiece either of the fixed or 
vernier screw type, and, thirdly, Nelson's (1909) method of measurement by 
extinction. None of these methods are perfect, but it may be said that 
Nelson's principle has many commendable features. 
1 See footnote, p. 4. 
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Direct Micrometry. Visual and Photographic. 
An eyepiece micrometer possessing a scale of 1 cm. divided into 10 mm., 
and also a stage slide micrometer possessing multiple parallel rulings 
placed 10 µ (or 0.01 mm.) apart are required. 
Method. Set the draw -tube length to the usual working distance. 
Insert the eyepiece micrometer into the microscope draw -tube, and adjust 
immiarampaimmemnimimmemilimmilio 
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FIG. 5. Shows the stage micrometer and eyepiece micrometer 
in focus. Each large division on the stage micrometer equals 
10 µ, and since 63 divisions on the eyepiece scale equal 70 µ, 
each small division represents 1.1 µ. By measuring the length of 
the stage scale with an ordinary ruler the total magnification 
of the picture can be calculated to be x 1314.2. 
ÌÉ 
the top lens until the scale is sharply.focused. Place the slide micrometer 
on the microscope stage ; place a drop of oil on the scale focus the divisions 
carefully with the 112 in. oil immersion objective; count the number of 
divisions of the eyepiece micrometer which cover those on the stage and 
ascertain the size of each division on the eyepiece scale. 
' Example. If 7 divisions on the stage equal 63 small divisions on the 
eyepiece, then each division on the eyepiece _ sá of a stage division; 
but since each division on the stage slide equals 10 , one space on the 
eyepiece scale = áá or 1.1 p. Having calculated the value of each division 
of the eyepiece scale for the tube length employed, the stage micrometer 
should be removed and the stained film of elementary bodies substituted 
for it. It should then be possible to ascertain approximately what fraction 
of a space the elementary body occupies, and thus deduce its probable 
1 
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FIG. 6. Photomicrograph made from a film preparation of vaccinia virus cultivated 
in the chorio- allantoic membrane of the chick embryo, showing Paschen or elementary 
bodies. 
Fia 7 Similar picture made from a film of conjunctival secretion obtained from 
a rabbit infected with myxoma virus, showing elementary bodies. 
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Fia. 8. Film showing a mixed culture of staphylococci and B. coli. for comparison 
with elementary bodies shown above. 
All three have been stained by the same method, namely, Paschen's stain 
for elementary bodies. Each division on the micrometer scale = 1.2 a. The 
magnification = X 1,222. 
By permission of the Glasgow Medical Journal (see vol. 129, 1). 
size. Fig. 5 shows a photomicrograph of the stage micrometer and eye- 
piece micrometer in focus, and Figs. 6 and 7 show two photomicrographs 
of the elementary bodies of vaccinia and infectious myxomatosis of 
the rabbit compared with each other, together with a photograph of 
staphylococci and B. coli stained by the, same technique (in Fig. 8). One 
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small division on the eyepiece scale measures 1.2 p. and each vaccinia 
elementary body therefore measures about 0.25 µ in size, whereas the 
myxoma bodies are larger and probably measure 0.3 µ. When .mnaking 
such calculations several bodies in the picture should be viewed with 
a magnifying glass, measured with a pair of calipers, and the average 
of 50 or more taken. Each (large) division of the stage micrometer = 
0.01 mm. and the total magnification is calculated by measuring these 
divisions with a ruler. For example, if 7 large divisions of the stage micro- 
Fia. 9. Showing an objective designed for the 
measurement of minute objects by micrometric 
extinction. It consists of a Leitz 6L .dry high - 
power objective fitted with a flange and gradu- 
ated iris diaphragm ranging from N.A. 0.65 to 
N.A. 0.1. 
meter equal 92 mm. in length on the projected image on the ground -glass 
screen of the photographic camera, and each stage division equals 10 µ, then 
seven divisions equal 70 µ. But 1 mm. equals 1,000 fc and 92 mm. = 92,000 
so that the total magnification of the illustration is n 7°-000- or 1314.2 times. 
Precautions. The following points should be noted when making 
measurements : (1) The draw -tube length of the microscope must not be 
altered after calculating the value of the eyepiece micrometer scale. (2) When 
comparing the relative size of the elementary bodies found in one virus 
disease with those found in another infection, the preparations studied 
should be stained by exactly the same method as well as at the same 
time, with the same set of reagents, before any comparisons are valid. 
Thus, it is not possible to make any comparative deductions with regard 
to the size of the elementary bodies present in a film of vaccinia stained 
by Paschen's method and a film of herpes virus stained . by Giemsa's 
technique, nor is it possible to compare any two specimens which have 
not been stained under identical conditions. (3) The position of the sub- 
stage condenser and iris diaphragm must not be altered during the course 
of the measurements and should be placed wide open at full aperture 
throughout. 
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Nelson's Extinction Method. 
Nelson's method is probably the most accurate, and yields better results 
in competent hands than those obtainable either by direct micrometry or 
photography. A specially constructed objective is required for application 
of this principle. The writers have used a in. Leitz objective fitted with 
an internal iris diaphragm attached to a pointer working on a scale upon 
which graduations in N.A. varying from 0-1 to 0.65 are engraved (Fig. 9). 
The calibrated values inscribed on the objective were obtained with the 
use of an apertometer and each figure represents the specified N.A. 
Method. In order to measure the size of an elementary body seen by 
direct white light, the body should be moved into the centre of the field, 
the objective set at its full aperture of 0.65 N.A. and thereafter gradually 
reduced in size, by moving the lever controlling the iris diaphragm of the 
objective, until the elementary body begins to show a hazy and indis- 
tinct outline. Only a slight further adjustment is next required to extin- 
guish completely the blurred image of the particle. At this point the N.A. 
of the objective should be read, and on reference to Table I the approxi- 
mate size of the body can be calculated. 
This method is based on the fact that the size of a particle viewed 
under the microscope depends, among other factors, on the N.A. of the 
objective. Thus if the NA. of the lens be reduced to such an aperture as 
to bring the object to the point of invisibility, then the correction for 
anti -point will equal the size of the object. 
Example. If a particle seen with white light were found to disappear at 
N.A. 0.22, then reference to the correction anti -point table will show that 
it measured 0.521 µ less the difference for 0.02 N.A., which is 2 X 0.0520, 
and the object will therefore measure 0.417 µ in size. 
TABLE I 
White Light. 45,300 * Green Screen. 50,000 * 
N.A. µ 
Difference 
for 0.1 µ 
Difference 
for 0.1 
0-1 1-041 0-942 
0.2 0-521 0.0520 0.470 0.0470 
0.3 0.348 0.0170 0.315 0.0160 
0.4 0.262 0.0090 0.236 0.0080 
0.5 0.208 0.0050 0.188 0.0050 
0.6 0.173 0.0030 0.157 0.0030 
0.7 0.149 0.0020 0.135 0.0020 
0.8 0.130 0.0020 0.118 0.0020 
0.9 0.116 0.0010 0.105 0.0010 
1.0 0.104 .0.0010 0.0942 0.0010 
1-1 0.0947 0.0009 0.0856 0.0009 
1.2 0.0868 0.0008 0.0785 0.0007 
1.3 0.0800 0.0007 0.0724 0.0006 
1.4 0.0744 0.0006 0.0673 0.0005 
1.5 0.0693 0.0005 0.0627 0.0005 
* Waves per inch. 
THE USE OF THE ULTRA -VIOLET LIGHT MICROSCOPE 
The highest magnification attainable with an ordinary microscope 
fitted with a 2 mm. apochromatic objective of N.A. 1.4 and X20 com- 
pensating eyepiece is about 2,000 diameters, but at so great a magnifi -. 
cation there is appreciable loss of detail, and little information can be 
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derived from the additional size of the image. It is impracticable, there- 
fore, to employ a greater magnification than x 1,200 with ordinary light. 
The shortest wave- length of ordinary light suitable for visual purposes 
is 520 mµ and, using a 2 mm. objective with X 12 eyepiece, it is impossible 
to see a particle less than 0.067 µ in diameter. Due to the work of Kohler 
(1904), Kohler and von Rohr (1905), and Barnard and Welch (1936 a, 
1936 b), it has been possible to overcome this difficulty by using ultra- 
violet light for the source of illumination. This possesses a wave -length 
of 255 mµ, which is about half that of ordinary light, and consequently 
the resolving power of the microscope becomes doubled. Thus, magnifica- 
tions of x 3,200 can be attained with excellent definition, and accordingly 
particles even smaller than 0.067 µ can be seen. It is also possible to show 
greater detail in the structure of larger bacteria, such as B. megatherium, 
than can be demonstrated with the ordinary microscope (see Barnard and 
Welch, 1936 b). 
The employment of ultra -violet light necessitates the use of quartz 
lenses and a special fluorescent eyepiece for preliminary focusing, since 
the images produced are invisible to the naked eye and have to be recorded 
on a photographic plate. Furthermore, only unstained objects mounted 
in glycerine or cane sugar solution on special quartz slides can be examined, 
since the detail in structure reproduced on the photographic plate depends 
on varying degress of absorptive power possessed by different specimens, and 
mountants possessing absorptive properties of their own must be avoided. 
Great technical difficulties exist with regard to the problem of accurately 
focusing the objects to be photographed, and these have been overcome 
by the invention of a specially constructed microscope in which 'back- 
lash' among the moving components has been reduced to a minimum. 
The substage condenser is also of ingenious design, and consists of a 
high aperture dark -ground illumination condenser with an independent 
quartz condenser unit mounted centrally within it. Both systems have 
similar focal lengths, but provision is made for obtaining exact parfocality 
by altering the relative position of the dark -ground condenser (Barnard and 
Welch, 1936 a). 
In order to take a photograph, the object is first brought into focus 
with ordinary visible light transmitted through an ordinary substage 
dark -ground condenser fitted to the microscope and, thereafter, by chang- 
ing the condenser stops and substituting quartz objectives, ultra -violet 
light is more or less automatically focused upon the specimen and the 
the image recorded upon a sensitized photographic plate. 
The source of illumination recently used by Barnard has been the 
so -called `fat' type spark of high intrinsic brilliancy of about 3 mm. in 
length produced between cadmium and magnesium electrodes. Before 
reaching the microscope the rays pass through a monochromator, a collect- 
ing lens, and two quartz prisms for splitting up the light in order to supply 
the desired wave-length. Barnard and Welch (1936 a) have also employed 
a mercury vapour lamp yielding a wave- length of 253 mµ at which differ - 
ential absorption between virus bodies and cell constituents becomes most 
pronounced. 
From the foregoing description it will be observed that, before a sus- 
pected elementary body (which must be unstained) can be photographed 
by ultra - violet light, it must first be located and focused under oblique 
illumination provided by ordinary light. The use of an ultra- violet 
light optical system therefore supplies a method by which greater magni- 
fication can be applied to unstained objects that are too small to be 
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The position is somewhat analogous to that of using a 2 mm. oil immersion 
objective in order to scrutinize a bacterium which is only just visible 
when seen through an 8 mm. lens. Although the use of ultra - violet light 
brings with it the benefits of a higher magnification, it suffers the dis- 
advantage of being applicable only to unstained preparations. Thus, it 
is impossible to examine a stained film of elementary bodies first with 
ordinary light and then to photograph it with ultra- violet light, since 
stained objects cannot be subjected to this method of examination and, 
consequently, the help and guidance given by tinctorial reactions in a 
well- stained preparation are lost when working with ultra -violet light. 
This is not a serious disadvantage where ultra -violet light is used 
for morphological studies on a large organism such as, for example, 
B. megatherium, but, when dealing with elementary bodies present in 
pathological exudates which also contain inanimate organic particles of 
the same size as the. virus bodies, staining reactions supply invaluable 
information. Another drawback associated with this method is the fact 
that, before any photograph can be taken with ultra -violet light, the 
operator must first focus the unstained preparation under ordinary light, 
dark -field illumination, and satisfy himself from what he sees as to whether 
or not elementary bodies are present in the field, before proceeding to 
employ the ultra- violet light optical system. In our opinion this intro- 
duces a serious source of error, for we are convinced that it is not always 
possible to distinguish between elementary bodies and cell debris in the 
ordinary dark -ground field. Certainly, when dealing with highly infective 
material containing large clumps of elementary bodies such as are some- 
times found in vaccinia or ectromelia (Fig. 4), there is usually little 
room for doubting their character, but when examining material in which 
the virus bodies are relatively scanty it is often very difficult to differenti- 
ate these from protein matter. The position becomes even. worse if one 
attempts to tell from the appearance presented in the dark field alone 
whether or not virus bodies are present in pathological exudate derived 
from a disease of unknown aetiology. 
The unreliable nature of the results of dark -ground appearances as a 
test for the presence of virus bodies has been stressed by van Rooyen 
(1937), who has shown that normal rabbits' conjunctival secretion, when 
examined by dark -ground illumination alone, may appear to be full 
of refractile particles that are indistinguishable from elementary bodies. 
Stained preparations should, therefore, be employed wherever possible, 
in order to control the appearances seen on oblique illumination. At 
the present time it may be said that there are no methods which 
enable us to differentiate with certainty elementary bodies from tissue 
particles of the same size. Such methods are greatly needed and much 
work yet remains to be done on this subject. 
In summing up, it may be stated that in its design and construction the 
ultra -violet light microscope reflects the greatest credit on the skill and 
ingenuity displayed by Barnard and his colleagues, who have been re- 
sponsible for the present stage of development that the instrument 
has attained. But the contributions of the instrument to our knowledge 
of the morphology of viruses have, in our opinion, been relatively small, 
for it has not yet been able to show any viruses that cannot be demon- 
strated in an ordinary dark- ground field. Furthermore, in the case of 
photographs taken at x 3,200 diameters magnification with ultra- 
violet light (see Barnard and Welch; 1936 b), the increased detail revealed 
is insufficient to be of practical value to the morphologist. This auto- 
matically raises the question as to whether an elementary body magnified 
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x 1,000 and studied by ordinary dark -ground illumination will show as 
much detail as it would if it were magnified x 3,200 and reproduced on 
a photographic plate. This is a debatable point, but we would venture 
- to suggest that a x 3,200 photograph would not reveal as much detail in 
structure as could be appreciated by the eye if the same object were 
studied in a dark field under x 1,000 magnification. Another matter 
worthy of consideration is the fact that when dealing with a minute 
object such as an elementary body measuring about 0.25 a in diameter, 
it is very doubtful if a x 3,200 magnification of such a structure would 
show any more detail than could be observed in a X 1,000 photographic 
reproduction. In order to show detail of morphology in objects of the 
order of size of viruses, we believe that it is necessary to employ a very 
much higher degree of magnification, and the recently described electron 
microscope, which permits magnifications to X 20,000 diameters, promises 
to supply a means whereby this should be possible. 
Fluorescence Microscopy 
Recently Hagemann (1937) has demonstrated the value of the fluorescence 
microscope as an aid to the study of virus bodies, which can be made to 
fluoresce either by directly irradiating them with ultra -violet light or by 
first treating them with a fluorescent dye such as yellow 2 G.S., a diazo- 
amino compound of primulin. When examined under the fluorescence 
microscope the dyed elementary bodies appear as white or bluish -white 
particles lying upon a darkly coloured background. The method has also 
been used to examine elementary bodies within living cells. 
Sources of Ultra- violet Light. - 
Barnard and Welch (1936) state that the best fluorescent effects are 
exhibited by organisms viewed under dark -ground illumination and con- 
sequently an intense source of ultra -violet light must be used in order to 
get the best results. The carbon or metallic arc may be used, but this 
suffers from the disadvantage of possessing too low an ultra -violet light 
output in relation to the total light emitted. 
The mercury vapour lamp is also useful but, although its ultra -violet 
light output is high, its intrinsic brilliancy is low, since the rays are 
dispersed over too wide an area, and consequently it is unsuitable for 
microscopy. Both the above described varieties . of illuminant are also 
unsatisfactory because they necessitate the use of a filter in order to 
absorb the visible rays and there is consequently much loss of brilliancy 
in the dark -ground field. 
The high- tension electric spark discharge -this is produced between 
magnesium electrodes and, according to Barnard and Welch (1936), 
represents the best source of ultra -violet light obtainable. On account of 
its high intrinsic brilliancy this form of illuminant is not only available 
for fluorescence microscopy but also for direct ultra - violet light photo- 
micrography. 
Optical equipment. The following components are required: an ultra- 
violet light lamp, a quartz or crown glass collecting lens, and a suitable 
filter. The microscope should be fitted with a quartz dark - ground sub- 
stage illuminating condenser and the ordinary glass reflecting mirror 
replaced by a polished metal one. Fluorescence may be observed visually 
through ordinary apochromatic objectives with compensating eyepieces, 
but if photographs with ultra - violet light be required, then quartz objec- 
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Material for examination should be spread on quartz slides, treated 
with primulin (vide infra), mounted in Ringer's solution, physiological 
saline, or distilled water, and covered with a type of cover -glass that is 
opaque to ultrá- violet rays. 
Himmelweit (1937) has used vertical illumination' for his experiments 
on fluorescence microscopy and has studied the multiplication of vaccinia 
virus in the chorio - allantoic membrane of the developing chicken embryo. 
Procedure. 
1. Material containing the virus is spread on a quartz glass slide. 
2. It may be fixed, if required, with 96 per cent. alcohol or .1 to 4 per 
cent. formalin for 5 to 10 minutes before staining. 
3. Treat with a 0.1 per cent. solution of primulin containing 0.2 per 
cent. phenol in distilled water for 15 seconds. 
4. Wash with distilled water, dry, and examine, suitably mounted, under 
the fluorescence microscope. 
When using living tissues phenol should be omitted from the 'fluoro- 
chrome' solution. Primulin is the most effective dye for this class of work 
and it dissolves in water to produce a bluish fluorescence, which is trans- 
ferred to organisms impregnated with it. 
Hagemann (1937) states that the use of the dye makes it possible to 
detect certain morphological details that would otherwise be unrecog- 
nizable in canary -pox, vaccinia, and ectromelia viruses. He also recom- 
mends the principle for the morphological study of bacteria and try- 
panosomes. For other work on fluorescence microscopy see Kufferath 
(1935), Sutro (1936), and Haitinger (1938). 
THE USE OF THE MAGNETIC ELECTRON MICROSCOPE 
The magnetic electron microscope which has also been named the 
super microscope ' has been developed from the work of Marton (1934, 
1937), Martin, Whelpton, and Parnum (1937), and others. Recently, von 
Borries, Ruska, and Ruska (1938) have improved the instrument further, 
and have succeded in obtaining photographs of bacteria and viruses 
magnified x 20,000 times with reasonably good definition. The principle 
on which the instrument operates rests on the fact that free electrons 
and beams of electrons can be deflected by an electro- magnetic field. 
In order to use this principle for optical purposes, the. magnetic fields 
have been applied in such a way that they act on the electron beam in 
the same manner as optical lenses do on beams of light. Such a field 
or `magnetic lens' can be produced by a current- carrying coil, as shown 
in Fig. 10. The coil is enclosed in an iron casing which only leaves a narrow 
annular slit at 90° to the axial point where the maximum concentration 
of field is required. When the current flows through the coil, the free 
ends of the iron casing are transformed into magnetic poles, and between 
them a magnetic field develops possessing the properties of an almost 
faultless convex lens, and the path of a ray of electrons through such a 
lens is illustrated . in Fig. 10. It is, however, complicated by the fact 
that the electrons, while passing through the coil, are not only deflected 
from their original direction in the plane of the drawing, but also spirally 
around the axis of the coil. 
In every single point of the curve it is only the magnetic component 
perpendicular to the momentary direction of the ray which acts on it, 
and produces a force at right angles to both these directions. Thus a 
' Leitz Ultropak outfit. 
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curve originates which, from point to point, changes its direction in space 
and lies on the surface of a spindle possessing a curved axis. 
Such a magnetic lens has no definite focal distance, but can be varied_ 
by altering the coil current which in turn alters the force of the magnetic 
field and, consequently, the focal length of the lens. As the focal length 
varies, the electron -optical image not only becomes more or less sharp, 
but, over and above that, turns on itself, i.e. round the optical axis, in 
accordance with the spiral ray deflection described. 
a = 'object 
b = screen 
c = iron covering 
d = magnetic poles 
e = optical axis 
f = image 
g = coil winding 
- -> - magnetic field -> path of electrons 
Fro. 10. Diagram showing the path of electron rays through an electro- magnetic 
lens, illustrating the principle on which the 'super microscope' constructed by 
Borries et al. (1938) is designed. Reproduced by permission of the Klinische 
Wochenschrift (see vol. 17, 921). 
Since electron beams can only exist in a vacuum, any object which is 
to be inspected by an electron- optical system must itself be placed within 
the vacuum, and since electron beams are not directly visible to the eye, 
the image formed must be made visible either by a luminescent screen 
or recorded on a photographic plate. 
The objects photographed by von Borries et al. have been placed on 
collodion foils 20p, thick and observed in `transmitted light'. The 
varying depth of shadows seen in different objects is brought about by 
the fact that the electron beams which fall on the object are almost 
parallel, and are scattered to a different extent, varying in proportion 
to the ` mass thickness' (i.e. density x irradiated thickness) of the object. 
Thus the greater the mass thickness, the greater the scattering and the 
darker the picture. The more widely scattered rays are eliminated by 
not allowing them to pass through the minute aperture of the objective 
lens (see Fig. 11). Parts of the object, having a greater mass thickness 
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this manner, the electron -optical picture can reveal the mass distribution 
of different minute objects. The instrument employed by von Borries 
et al. is constructed as follows: The source of light is situated at the top 
of the instrument and the ocular is placed at the bottom of it. The 
Discharge tube 













;- Microscope lamp 
Time and instan- 












- Plate- holder 
Path of rays of the ordinary 
microscope 
Fic. 11. The Magnetic Electron Microscope. On the left is a diagram showing the 
path of the rays through the electron microscope. Centre, a photograph of the micro- 
scope. On the right, glass lenses have been substituted for the electro- magnetic lenses 
depicted in the drawing on the left. (After von Borries et al., 1938.) Reproduced by 
permission of the Klinische Wochenschrift (see vol. 17, 921). 
cathode which carries the high tension lies above the head of the observer 
and the beam falls downwards perpendicularly from the cathode, inside a 
metal cylinder containing a vacuum, to reach finally a luminescent screen 
or photographic plate. The electron beam is first collected by an electro- 
magnetic lens which corresponds to a microscope condenser and it 
next illuminates the object. The `objective lens' projects a real image of 
the object in first stage magnification, which can, if required, be visually 
inspected by insertion of an `intermediate picture screen'. Part of the 
intermediate image passes through a hole in the intermediate picture 
screen and is then magnified a second time by a `projector lens' which 
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appears as the final image on the lower (second) luminescent screen or 
photographic plate. The middle part of Fig. 11, shows the general con- 
struction of the `super microscope'. At the upper end there is a porcelain 
tube which isolates the incandescent or cold cathode from the rest of 
the instrument which is earthed. Below there is a blocking chamber by 
which the rays can be deflected by an electro- magnetic field so that the 
object can be protected from unnecessary irradiation. Below the block- 
ing chamber there is a condenser coil which can be moved all round, 
so that the beam can be exactly focused on the object. Through the 
next component or `object lock' the specimen to be examined can be 
inserted into the microscope without having to disturb the vacuum. The 
Fia. 12. Photographs taken with the super electron 
microscope under x 19,000 and X 22,000 magnification by 
von Borries et al. (1938), showing the elementary bodies 
of infectious myxomatosis of the rabbit. Note the oval 
shape of. these structures and compare this illustration 
with Fig. 7, showing the appearance of the same variety 
of elementary bodies when photographed with the ordi- 
narymicroscope under x 1,222. Reproducedby permission 
of the Klinische Wochenschrift (see vol. 17, 921). 
object can now, if required, be moved perpendicularly to the optical 
axis during inspection in an analogous manner to the adjustment of an 
ordinary microscope mechanical stage, so that any desired part of 
the preparation can be projected on the viewing screen. In addition, the 
object is movable in the axis of the instrument which corresponds to 
the action of the coarse adjustment of an ordinary microscope. Below the 
removable top part of the instrument is the objective lens, and next the 
tube with lateral openings for the inspection of the intermediate picture, 
through which the whole preparation can be viewed sò that any particular 
part of the field once seen can be relocated. Below the intermediate 
picture device the projector lens and the lower tube (projector tube) are 
mounted, and through the wide opening of the latter the final picture 
can be inspected. At the back of the instrument a wide tube leads from 
the projector tube to a high vacuum pump. At' its lower end the micro- 
scope is closed by a lock through which -again without disturbing the 
vacuum -a camera can be inserted, opened in the vacuum, and exchanged 
for a luminescent viewing screen. The current for the coil lenses and 
the high -tension exciter is controlled from à switchboard during the 
course of the microscopical examinations. For additional information 
regarding the design and construction of the electron microscope the 
reader is referred to the work of Marton (1934 a, 1935, 1936, and 1936 a). 
With this instrument von Borries et al. state that structures of 10 mac 
can be distinctly recognized. They have been able to see the internal 
structure of bacteria, and claim that Bacillus coli is composed of an 
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ectoplasm and an endoplasm, also that the elementary bodies of myxoma 
are not circular in shape as they appear under the ordinary microscope, 
but are in reality oval (Fig. 12). They suggest that such evidence might 
in the future make it possible to identify elementary bodies from their 
morphological appearances alone. 
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CHAPTER II 
THE STAINING OF ELEMENTARY BODIES 
Glass Slides 
THE variety found most suitable for preparing films of elementary bodies 
are those made of crystal glass varying from 1 to 1.1 mm. in thickness 
(Coles, 1935). This size suits the working distance of most microscope 
substage condensers, and consequently slides less than 1 mm. or more 
than 1.3 mm. in thickness must not be used unless a specially designed 
condenser is employed. 
It is essential that glass slides should be thoroughly cleaned before 
attempting to make films of material to be stained for elementary bodies, 
and the following two methods have been recommended: (1) Place the 
slides in chromic acid for 24 hours, wash with running water for 24 hours; 
and store in 50 per cent. alcohol until required, after which they should 
be wiped and dried with clean gauze. (2) Slides may also be cleaned by 
boiling them for 15 to 30 minutes in a solution consisting of concentrated 
sulphuric acid 6 c.c., potassium bichromate 6 gm., and water 100 c.c., 
the liquid being periodically agitated with a glass rod to prevent adhesion 
of the slides. After removal from the bichromate solution, they should 
be thoroughly washed in running water for several hours, and then stored 
in 50 per cent. spirit in an air -tight container. 
METHODS FOR THE STAINING OF ELEMENTARY BODIES 
The elementary bodies of vaccinia were first demonstrated in stained 
film preparations made from vesicle fluid by Dr. John Buist working at 
the University of Edinburgh in, the year 1886. Buist's observations are 
of great historical interest, for although he recognized the aetiological 
significance of the minute bodies he found in vesicle fluid, and was un- 
doubtedly the first observer to have noticed them, it was not until Gordon 
(1937) and Mackie and van Rooyen (1937) drew attention to his work 
that his claims were recognized. 
In a later publication Buist (1887) clearly revealed from an illustration 
that he not only differentiated these small objects from cocci, but also 
appreciated the difficulty of staining them with simple aqueous dyes. 
As a matter of interest, we ourselves recently repeated the staining 
technique originally practised by Buist over fifty years ago, and found 
that the results it yielded compared very favourably with modern methods. 
The following is a list of different staining methods which have been 
found suitable for the demonstration of elementary bodies : 
Buist's (1887). Method 
This is mainly of historical interest, and is carried out as follows: 
Solution required. 
Ehrlich -Koch solution: consisting of saturated alcoholic solution of 
methyl violet, 5 to 20 c.c., and 100 c.c. of aniline water consisting of 
2 per cent. aniline shaken up with 98 c.c. of water and filtered. 
To demonstrate elementary bodies in patholog- 
ical material it is important to employ the most suit- 
able staining method. The affinity of virus bodies 
for different dyes varies considerably. For instance, 
Paschen's stain is excellent for demonstrating the 
viruses of variola,vaccinia, herpes, ectromelia, fowl - 
pox, myxoma and others, but it fails to reveal the 
agents of psittacosis, lymphogranuloma inguinale and 
inclusion conjunctivitis. Likewise, Castaneda's 
stain appears to yield the best results with psitta- 
cosis alone; whilst on the other hand, dilute Giemsa 
solution gives excellent coloration effects and can be 
used for demonstrating the majority of viruses. Un- 
fortunately, the latter suffers from the disadvantage 
that it tends to precipitate too readily and is liable 
to produce artefacts. 
According to my own tests with the elementary 
bodies of fowl -pox, ectromelia, and vaccinia, they 
appear to be Gram - negative and non -acid -fast, but it 
would be unwise to draw any conclusions from such 
limited data until a systematic study of the staining 
properties of viruses has been conducted. This 
aspect of the subject is of great importance for the 
discovery of staining methods which would enable us to 
differentiate virus bodies from tissue debris, and 
would be of fundamental value. Not only would it be 
of help in the study of the known viruses, but it 
would assist in diminishing the number of bad mistakes 
which/ 
which have been made from time to time by a few 
workers who have been seriously misled by the appear- 
ances of tissue artefacts. 
The ensuing text contains an account of stain- 
ing methods which I have tested myself and found 
effective for the purposes specified. 
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Procedure. 
1. Cover -glass preparations are made directly from typical vaccine 
vesicles, and fixed by passing them three times through the flame 
of a Bunsen burner. 
2. Stain for 12 hours in freshly prepared aniline methyl violet solution. 
3. If quicker staining is required, then the solution must be gently 
heated for half to one hour. 
4. Wash in distilled water. 
5. Next treat in 60 per cent. alcohol. 
6. Dehydrate in absolute alcohol. 
7. Mount immediately in balsam and benzol. 
8. Contrast staining is usually unnecessary, but if desired, a solution 
of vesuvin (Bismarck brown) or chrysoidin may be used after washing 
in 60 per cent. alcohol. 
Paschen's (1906, 1913) Method (see also van Rooyen, 1937) 
This method was employed by Paschen for staining the elementary 
bodies of vaccinia, variola, herpes, varicella, ectromelia, and Shope's 
fibroma virus, and we have found it to be among the best and most 
reliable methods for the staining of elementary bodies. 
Solutions required. 
Saturated alcoholic solution of basic fuchsin, 10 c.c. ; 5 per cent. solution 
of carbolic acid, 90 c.c. Alternatively the stain could be made up in two 
parts: Solution (A) consisting of basic fuchsin, 0.3 gm., ethyl alcohol, 
10 c.c. ; and Solution (B) containing phenol, 5 gm., and distilled water, 
95 c.c. Solutions (A) and (B) are mixed before use. 
Lö fller's flagellar mordant. 20 per cent. aqueous solution of tannic acid, 
100 c.c. ; ferrous sulphate (saturated solution), 50 c.c. ; basic fuchsin 
(saturated alcoholic solution), 10 c.c. (see von Prowazek, 1912). 
Procedure. 
1. Make film on slide. 
2. Place in distilled water for 3 minutes. 
3. Dry in air. 
4. Fix in absolute alcohol for 5 minutes. 
5. Dry in air. 
6. Treat with Löffler's mordant and heat gently until steam rises, and 
allow it to act for 10 minutes. 
7. Wash thoroughly in water. 
8. Stain with carbol fuchsin solution, gently heating the stain until 
steam rises for 1 minute, and allow it to remain for a further 10 
minutes. 
9. Wash rapidly in distilled water and dry with blotting- paper. 
10. Mount in neutral mountant or cedar -wood oil. 
Elementary bodies appear deep red in colour when stained by 
Paschen's method. 
The Method of Staining Viruses by Giemsa's (1910) Dilute Solution 
This stain has been used by many pioneer workers in their researches 
on virus diseases. Almost every type of elementary body can be stained 
by this technique, and in skilled hands very beautiful tinctorial effects 
can be obtained. The stain possesses the advantage of staining red and 
white corpuscles simultaneously in blood films, but unfortunately it 
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suffers from the drawback of being liable to deposit too readily when 
standing over a period of time, and moreover different samples of the dye 
may vary considerably in their staining affinities for elementary bodies 
(see Craigie, 1933). The pH of the tap water used for diluting the stain 
may also influence the results, if it is unduly acid or alkaline in reaction. 
Coles's (1935) Method 
This is probably one of the best methods of applying Giemsa's stain 
and has been successfully employed to demonstrate the elementary bodies 
of vaccinia, herpes, psittacosis, and other virus diseases. 
Apparatus needed. A curved glass plate 10 in. long and 4 in. broad, pos- 
sessing a concave upper surface of about 18 in. in radius of curvature. 
A flat tin box 12 in. long, 4 in. broad, and 1 in. deep, fitted with an air- 
tight lid. 
Solutions required. 
Stain. Giemsa's powder (Grübler), 0.75 gm., glycerine, 25 c.c., and 
industrial methylated spirit, 75 c.c., are thoroughly mixed and well 
shaken. 
Differentiating solution. Orange G, 1 gm. ; tannic acid, 5 gm. ; and 
water, 100 c.c. 
Procedure. 
1. Make thin films as usual. 
2. Fix by placing over the mouth of a wide -necked jar -containing 
crystals of iodine -until the film turns light brown after about 
z to 1 minute exposure (see Plimmer, .1913). 
3. Treat with absolute alcohol for 5 minutes. 
4. To stain, place the film face downwards on the curved plate and 
run underneath it three drops of the stock Giemsa's solution and three 
drops of methylated spirit to which is added three times as much 
tap water. 
5. Place the curved plate in the air -tight metal box and allow the stain 
to act for 24 hours. 
6. Renew the stain at the end of the first day and allow it to act for a 
further 24 hours. 
7. Wash the film in tap water, and differentiate it if necessary by placing 
a drop of the differentiating solution ón one end of the film, and 
allowing it to act for a few moments before washing off with water. 
8. Dry the film with blotting- paper, and mount in neutral mounting 
medium. 
Hosokawa's Modification of Giemsa's Staining Method 
(see Taniguchi et al., 1934 a) 
The elementary bodies of molluscum contagiosum, smallpox, varicella, 
herpes, zoster, fowl -pox, and rabbit myxomatosis may all be stained by 
this technique irrespective of whether they occur intracellularly or extra - 
cellularly. The stained virus bodies appear reddish- purple or bluish -purple. 
We have noticed that Hosokawa's solution has a tendency to overstain 
the granules of eosinophil polymorphs, and unless the results are carefully 
controlled, mistakes are liable to occur. 
Solutions required. 
Fixative. Pure methyl alcohol, 100 c.c. ; formalin, 5 c.c. ; and glacial acetic 
acid, 1 c.c. 
Eosin solution. 1 per cent. watery eosin solution (Grübler B.A.). 
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Stain. Eosin methylene blue, 4 gm. ; azur I, 0.8 gm. ; crystal violet, 
0.05 gm. ; these are dissolved in a mixture of methyl alcohol, 250 c.c., 
and glycerine, 250 c.c. This stock solution is diluted before use (vide 
infra). 
Procedure. 
1. Films are made on glass slides in the ordinary manner, and allowed 
to dry in air. 
2. Treat with fixative for 2 minutes ; wash in water. 
3. Flood with eosin solution and heat over a flame until steam rises 
for half a minute ; then wash in water. 
4. Hosokawa's stain is next applied by adding 1 c.c. of stock solution 
to 50 c.c. of distilled water, and applying the diluted mixture to the 
slide for 30 to 40 minutes at room temperature. 
5. The stain is washed off with water, the slide is dried in air and 
examined under the microscope. 
The Taniguchi et al. (1934 b) Modification of Giemsa's Method for 
Staining Elementary Bodies 
This method has proved useful for staining the elementary bodies of 
variola, vaccinia and varicella viruses as well as certain types of cell 
inclusion. 
Solutions required. 
Fixative. Pure methyl alcohol, 100 c.c. ; formalin, 5 c.c. ; glacial acetic 
acid, 1 c.c. 
Stain. 1 per cent. watery eosin -Giemsa solution (Grübler B.A.). 
Procedure. 
1. Make smears and dry thoroughly in air. 
2. Fix for 2 minutes in fixative solution. 
3. Wash in water. 
4. Flood with eosin - Giemsa staining solution and gently warm over 
flame for - minute if staining vaccinia or variola virus, and for 1 minute 
if films of chickenpox or herpes virus are being treated. 
5. Wash with water, dry, and examine. Elementary bodies stain 
bluish -purple. 
Craigie's (1933) Method 
Solutions required. 
(a) A 2 per cent. aqueous solution of mercurochrome. 
(b) The stain employed has the following composition: 2 per cent. 
aqueous solution mercurochrome, 220 Soluble (H.W. & D.), 1 c.c. ; 7 per 
cent. aqueous solution M/5 Na2HPO4, 2H2O (or Na2HPO4, 12H2O), 5 c.c. ; 
1 per cent. aqueous solution methylene azure A (azur I) (certification 
No. NAz4), 1 c.c. ; 1 per cent. aqueous solution methylene blue (U.S.P. med.) 
(certification No. NA5), 25 c.c. ; and distilled water, 75 c.c. 
The constituents are added in the order stated and the mixture, which 
should not be filtered, retains its staining qualities unimpaired at room 
temperature for three months. 
Procedure. 
1. Spread films very thinly as in preparing a blood film when working 
with preparations derived from the skin ; tissue scrapings should be 
suspended in distilled water before films are made. 
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2. Wash in two changes of distilled water for 5 minutes ; dry. 
3. Fix in methyl alcohol for 5 to 10 minutes ; dry. 
4. Rinse in distilled water and shake or blot off excess water. Cover 
film with 6 drops of 2 per cent. aqueous mercurochrome for 5 to 10 
minutes. Rinse rapidly in tap water and later in distilled water ; blot 
off excess water. 
5. Cover film with stain (6 drops) for 5 to 10 minutes. 
6. Rinse off stain as rapidly as possible and blot and dry immediately 
or, alternatively, simply blot and dry without rinsing. The only 
part of the technique which requires care is the final step of removing 
the stain and drying the film, since water, if left in contact with 
the stained film, tends to dissolve out the dye from the elementary 
bodies. Hence it is necessary to dry the preparation as quickly as 
possible. Elementary bodies stain bluish -purple. 
Herzberg's (1934) Victoria Blue Stain (Ordinary Method) 
Victoria blue was first shown by von Prowazek (in 1905) to be a suitable 
dye for the staining of elementary bodies of vaccinia. With it the elemen- 
tary bodies of vaccinia, varicella, herpes, and canary -pox have been demon- 
strated in smears prepared from infective tissue. Herzberg (1936) has also 
been successful in detecting the individual differences in size exhibited 
by these viruses when compared with one another under the microscope. 
When stained by this method the individual elementary bodies appear 
dark blue in colour and the dye shows little affinity for staining the cell 
cytoplasm. 
Solution required. 
The stain is prepared as follows : 9 gm. of Victoria blue 4 R. (Bayer) 
are dissolved in 300 c.c. of distilled water, heated to 60° C. for 30 minutes, 
placed in a brown - coloured bottle for 14 days, and filtered before use. 
Procedure. 
The procedure employed for staining elementary bodies of different 
virus diseases varies slightly and may be summarized as follows: 
Vaccinia. Films are made from infected corneal tissue 3 to 4 days after 
infection, dried in air for 24 hours, placed in distilled water for 10 minutes, 
dried at 37° C. for 1 hour, stained with 3 per cent. Victoria blue solution 
for 5 minutes, rinsed with distilled water, dried, and examined. (See also 
Haagen and Kodama, 1934.) 
Varicella. Thin films are made from vesicle fluid, dried in air for 
24 hours, stained with Victoria blue solution for 20 minutes, washed with 
distilled water, and examined under the microscope. 
Herpes. Impression preparations are made from infected rabbit 
cornea, dried for 24 hours in air, placed vertically in a jar of distilled 
water for 10 minutes, dried at 37° C. for 1 hour, stained with Victoria 
blue for 30 minutes, rinsed in water, dried, and examined. 
Ectromelia. Films are made from the feet of infected mice, dried for 
24 hours, stained for 10 to 30 minutes, rinsed in distilled water, dried, and 
examined. 
Canary -pox. Films are made from infected tissue, stained for 5 minutes, 
washed in distilled water for 30 seconds using two changes until clear, 
dried, and examined. 
Herzberg's (1934) Victoria Blue Contrast Staining Method 
This has been used for demonstrating the elementary bodies of vaccinia 
and canary -pox, and is carried out as follows : 
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Solutions required. 
(a) Nuclear red.' 5 gm. of aluminium hydroxide are melted in 100 c.c. 
of hot distilled water, filtered through paper, 0.1 gm. of nuclear 
red added, dissolved by boiling, again filtered, and 0.5 c.c. of a 
10 per cent. solution of acetic acid added. 
(b) Light green.' 1 gm. of the dye is dissolved in 100 c.c. of distilled 
water, and 0.5 c.c. of 10 per cent. acetic acid solution is then added. 
(c) Victoria blue. A 0.1 per cent. solution of Victoria blue 4 R. solution 
is prepared by diluting the 3 per cent. stock stain already described ; 
to this is added 0.5 c.c. of 10 per cent. acetic acid. 
Procedure. 
1. Films are prepared as usual. 
2. Place in distilled water for 10 minutes. 
3. Dry in air for 1 hour. 
4. Treat with nuclear red solution for 15 minutes. 
5. Rinse for 30 seconds in distilled water using two changes. 
6. Dry in air for 30 minutes. 
7. Treat with 1 per cent. light green solution for 2 minutes. 
8. Wash with distilled water. for 5 seconds, twice. 
9. Treat with 10 per cent. tartaric acid for 3 minutes. 
10. Wash twice in distilled water for 5 seconds each time. 
11. Stain with 0.1 per cent. Victoria blue solution for 20 seconds. 
12. Wash twice in distilled water as before. 
13. Dry in air and examine under the microscope. 
Gutstein's (1937) Methyl Violet Stain 
This stain has been used for staining vaccinal and other elementary 
bodies. 
Solutions required. 
(a) 1 per cent. methyl violet in distilled water. 
(b) 2 per cent. sodium carbonate. 
Procedure. 
Clean slides in nitric acid, and rinse with alcohol- ether. 
1. Prepare films, dry in air or incubator. If much protein is present 
rinse first in saline, and then in distilled water. 
2. Fix film in methyl alcohol for half an hour or more, and place the 
slide in a dry Petri dish. 
3. Mix equal parts of solutions (a) and (b) in a test -tube, filter immedi- 
ately on to slide, cover the dish with a lid, and incubate it at 37° C. for 
20 to 30 minutes. 
4. Rinse in distilled water. 
5. Dry in air, mount in cedar -wood oil or liquid paraffin. When seen 
under the microscope, elementary bodies stain light violet. 
The above staining procedure call be shortened by fixing the film by 
gentle flaming, pouring the filtered mixture of (a) and (b) on the slide, 
and slowly heating it over a Bunsen burner until steam rises. After 3 to 5 
minutes, the slide should be washed with water, dried, mounted, and 
examined in the usual way. 
Hollborn (Leipzig) standard stains. 
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Gutstein's (1937) Modification of Herzberg's Victoria Blue Stain 
Solutions required. 
(a) Victoria blue 4R., 1 gm. ; alcohol, 10 c.c. ; and distilled water, 90 c.c. 
(b) 0.02 per cent. potassium hydroxide in water. 
Procedure. 
1. Invert the film and place the slide face downwards on two supporting 
pieces of capillary tubing placed in a petri dish. 
2. Mix equal parts of solutions (a) and (b) together, filter at once, and 
run under slide. 
3. Cover the petri dish with a lid and allow it to stand overnight at room 
temperature. 
4. Remove and rinse the slide with distilled water. 
5. Dry and mount in neutral balsam or paraffin. In a well -stained 
preparation the elementary bodies should stain dark blue. 
Castaneda's Method (see Zinsser. and Bayne Jones, 1934 ; also 
Castaneda, 1930) 
This stain is excellent for demonstrating rickettsiae in films of infective 
tissues, and Bedson (1937) has recommended it for staining psittacosis 
virus bodies in the spleen of experimentally infected mice. 
Solutions required. 
Buffer: Potassium dihydrogen phosphate (KH2PO4), 1 gm., is dissolved 
in distilled water, 100 c.c., and added to sodium phosphate (Na2HPO4, 
12H2O), 25 gm., dissolved in distilled water, 900 c.c. The mixture is 
adjusted to pH 7.5, and 1 c.c. of formalin is added as a preservative. 
Stain. Methylene blue, 1 gm. ; methyl alcohol, 100 c.c. 
Counterstain. 0.2 per cent. safranine 01 in distilled water, 1 part ; and 
0.1 per cent. acetic acid, 3 parts. 
Procedure. 
1. Spread very thin films of the material on clean glass slides. 
2. Stain for 3 minutes with a mixture consisting of 20 c.c. of buffer 
solution ; 1 c.c. of formalin ; and 0.15 c.c. of stain. 
3. Pour the stain off the slide without washing. 
4. Treat with Counterstain for 1 to 4 seconds (never more than 5 seconds). 
5. Wash with tap water, dry, and examine. Elementary bodies stain 
deep blue. 
Bedson and Bland's Modification of Castaneda's Stain 
(see Bedson, 1937) 
This method has been employed for staining psittacosis virus particles. 
Solutions required. 
Stain. This is a mixture composed of phosphate buffer solution (pH 
7.0), 9.5 c.c. ; neutral formalin, 5 c.c. ; and borrel blue, 10 c.c. 
Counterstain. A 1 per cent. aqueous solution of safranine is employed. 
Procedure. 
1. Smears or impression preparations are made on clean slides. 
2. Fix with methyl alcohol. 
3. Treat for 2 minutes with staining solution. 
4. Wash with tap water. 
5. Counterstain for a few seconds, and dry with blotting- paper. 
1 National Aniline and Chemical Co., New York. 
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Lépine's modification of Castaneda's Method 
Solutions required. 
Stain. A stock solution of stain is prepared by dissolving azur II 
(Grübler or Gurr) to make a 1 per cent. solution in 0.5 per cent. 
phenol in water ; this is diluted before use by adding 10 drops of the 
solution to a second mixture consisting of 10 c.c. of distilled water, 10 
drops of neutral formalin, and 5 drops of 1 per cent. potassium 
carbonate. This mixture is heated before being applied to the film. 
Counterstain. This consists of safranine diluted 1 in 2,000 in distilled 
water. 
Procedure. 
1. Films are made and fixed after the manner described above. 
2. Stain with hot solution for 5 to 10 minutes. 
3. Wash in tap water. 
4. Counterstain with safranine for 5 to 10 seconds. 
5. Wash in tap water and dry with blotting -paper. 
Bedson (1937) has particularly recommended this method, which stains 
psittacosis E.B.'s deep blue. 
Six Methods described by Taniguchi et al. (1932) for Staining the 
Elementary Bodies of Variola 
Method one. 
Solutions required. 
(a) Pure acetone (Merck). 
(b) Mordant. Add 1 per cent. cadmium iodide to neutral concentrated 
liquid formalin; the yellow precipitate which is formed is next re- 
dissolved by adding the minimum quantity of concentrated hydro- 
chloric acid. 
(c) Eosin, 0.2 gm., and alcohol, 10 c.c., are mixed together with c.c. of 
concentrated formalin to which distilled water is added up to 200 c.c., 
so as to make an orange -red coloured solution free from turbidity. 
(d) Carbol fuchsin solution. 
Procedure. 
1. Thin films are made and allowed to dry in air for 1 to 7 days before 
staining. 
2. Treat with acetone for 1 minute ; wash slowly. 
3. Mordant with formalin solution for 14 to 2 minutes ; wash with water. 
4. Stain with carbol fuchsin solution for a few seconds ; wash with 
water, dry, and examine. 
Method two., 
Solutions required. 
(a) Sodium hydroxide, 0.5 gm., sodium carbonate, 0.5 gm., and distilled 
water, 10 c.c., are mixed together; absolute alcohol is added up to 
100 c.c. 
(b) Pure sulphuric acid, 2 c.c., water, 10 c.c., and absolute alcohol up to 
100 c.c. are mixed together. 
(c) Zinc or cadmium iodide, 5 gm., and iodine, 0.5. gm., are dissolved in 
absolute alcohol, 100 c.c. 
(d) 1 per cent. aqueous solution of eosin. 
(e) Zieh1- Neelsen's carbol fuchsin solution. 
(f) Acetone. 
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Procedure. 
1. Place in reagent (a) for 1 minute ; wash in water. 
2. Place in reagent (b) for 1 minute ; do not wash in water. 
3. Mordant in (c) for 1 minute; wash in water. 
4. Treat with eosin solution (cl) for 30 seconds ; wash in water. 
5. Stain in (e) for a few seconds ;.wash in water. 
6. Differentiate in acetone for a few seconds ; wash, dry, and examine. 
The Paschen bodies of smallpox stain pink by this method. 
Method three. 
Solutions required. 
(a) Sublimate- alcohol solution consisting of absolute alcohol, 30 c.c. ; 
mercuric chloride, 4 gm. ; and distilled water, 60 c.c. 
(b) This consists of a solution of alcohol to which a trace of iodine has 
been added. 
(c) 0.25 per cent. sodium thiosulphate solution. 
(d) 2.5 per cent. iron alum solution. 
(e) ' Heidenhain's iron haematoxylin solution. 
Procedure. 
1. Place in sublimate -alcohol at 60° C. for 3 hours ; wash in water 
for 5 minutes. 
2. Treat with iodine alcohol for 5 minutes ; wash with water for 
5 minutes. 
3. Treat with sodium thiosulphate for 10 minutes ; wash in water 
for 5 minutes. 
4. Stain in Heidenhain's iron- haematoxylin solution for 24 hours. 
5. Differentiate in iron alum. 
The elementary bodies appear greyish -blue in colour. 
Method four. 
Solutions required. 
(a), (b), and (c) as in Method three. 
(d) Either acid fuchsin solution is used consisting of 10 per cent. acid 
fuchsin containing 5 per cent. carbolic acid; or else 2 per cent. 
aqueous fuchsin 'containing 1 per cent. sulphuric acid is necessary. 
(e) Alcoholic solution of picric acid. 
Procedure. 
1, 2, and 3 as in Method three. 
4. Flood the slide with acid fuchsin and heat until the steam rises ; 
allow to cool and repeat. 
5. Differentiate in an alcoholic solution of picric acid. 
The elementary bodies stain reddish- violet. 
Method five (Gram's stain applied to elementary bodies). 
Procedure. 
1. Fix film in ether -alcohol for 20 minutes ; wash with water. 
2. Stain with acid fuchsin solution as employed in Method four. 
3. Differentiate, in an alcoholic solution of picric acid. 
Elementary bodies appear brownish -red. 
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Method six. 
Solutions 'required. 
(a) Sodium hydroxide, 0.5 gm., and sodium carbonate, 0.5 gm., are 
added to 10 c.c. of distilled water ; the total volume is made up 
to 100 c.c. by addition of absolute alcohol. 
(b) Pure sulphuric acid, 2 c.c., is mixed with 10 c.c. of water ; absolute 
alcohol is added up to 100 c.c. 
(c) Zinc or cadmium iodide, 5 gm., and iodine, 0.5 gm., are dissolved 
in 100 c.c. of absolute alcohol. 
(d) Carbol methyl violet solution (Gram). 
(e) Lugol's iodine (Gram). 
Procedure. 
1. Thin films are made on clean slides and allowed to dry in air for 
24 to 48 hours. 
2. Treat with solution (a) for 1 minute ; wash in water. 
3. Treat with solution (b) for 1 minute; do not wash in water. 
4. Treat with solution (c) for 1 minute ; wash with water. 
5. Stain film with carbol methyl violet for 4 seconds, heat gently until 
steam rises ; wash with water: 
6. Treat with Lugol's iodine for 30 seconds ; wash in water. 
7. Differentiate with alcohol or acetone ; wash with water, dry, and 
examine. 
The elementary bodies stain blue -violet. 
Goodpasture's (1925) Method 
This stain was originally introduced for Negri bodies in sections of 
rabies material. Subsequently, Goodpasture (1925) modified the stain by 
the introduction of potassium permanganate solution as a mordant, and 
employed it for staining the elementary bodies of molluscum contagiosum. 
Solutions required. 
Stain. 20 per cent. alcohol, 100 c.c. ; phenol (concentrated and pure) 
solution, 1 c.c. ; aniline oil, 1 c.c. ; and basic fuchsin, 0-5 gm. The stain 
should be made up each time before use. 
Mordant. 1 per cent. potassium permanganate solution in distilled 
water is used. 
Counterstain. A saturated solution of methylene blue in alcohol, 30 c.c., 
and a 1: 10,000 dilution of potassium hydrate in distilled water, 100 c.c. 
Procedure. 
1. Films should be fixed in Zenker's fluid as the method is non -applicable 
to tissues fixed in Helly's fluid. 
2. Mordant for 1 minute with potassium permanganate solution ; wash 
thoroughly in water. 
3. Stain with carbol- aniline- fuchsin solution for 10 minutes. 
4. Wash off the excess stain with water ; blot with filter paper, and 
decolorize with 96 per cent. alcohol until the section or film.turns 
light pink in colour. 
5. Wash with water, and counterstain for 15 to 60 seconds with Löffler's 
methylene blue solution. 
6. Wash with water, dehydrate, and decolorize for a few seconds in 
absolute alcohol until the excess of blue is removed. 
7. Clear in xylol and mount in balsam. 
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Morosow's (1926) Modification of Fontana's Method for Staining 
Solutions required. Elementary Bodies 
Fixative. This consists of acetic acid, 1 p.c.; 40 per cent. formalin, 
2 c.c. ; and distilled water, 100 c.c. 
Mordant. Carbolic acid saturated solution Karbolsäure (see Morosow, 
1926) ; tannin, 5 gm. ; distilled water, 100 c.c. 
Silver stain. 20 c.c. of distilled water plus one drop of 25 per cent. 
ammonia are placed in a test -tube, and a 10 per cent. solution of 
silver nitrate is added, drop by drop with a pipette, until a brown 
precipitate appears. The addition of silver nitrate is continued until 
this precipitate redissolves and the solution turns opalescent. 
Procedure. 
1. Make a thin film. 2. Dry in air. 
3. Place in distilled water for 10 to 15 minutes. 
4. Dry in air. 5. Treat with fixative for 1 minute. 
6. Wash with distilled water. 
7. Treat with mordant and heat gently for 30 to 60 seconds until the 
steam rises, but do not allow it to boil. 
8. Wash thoroughly with distilled water for 30 seconds. 
9. Add about 0.5 c.c. of silver nitrate to the slide and again heat, 
gently for 1 to 2 minutes until the film turns light brown in colour. 
10. Wash thoroughly with distilled water and examine for Paschen bodies. 
In awell- stained preparation elementary bodies should appear dark brown. 
In our experience this method has given good results, but we have come 
to the conclusion that caution is necessary as artefacts simulating virus 
bodies are liable to be found if the preparation has been overstained. Turevich 
(1935) has employed silver impregnation methods for staining the elemen- 
tary bodies of vaccinia. 
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Elementary (Paschen) Bodies in infectious Myxomatosis 
of the rabbit (Virus myxomatosum Sanarelli). 
by Rooyen, M. D. 
With 5 figures in the text. 
Various workers have described specific bodies and cellular changes 
associated with this condition. Splendore (1909) drew attention to the 
presence of "trachoma like" bodies in affected cells, but Moses (1911) was 
unable to confirm this observation. He showed that the infective agent was 
capable of passing certain filters able to withhold bacteria. Aragao (1911) 
described the existence of inclusion bodies within the hypertrophied nuclei 
of tumour cells, which he called Chlamydozoa myxomae. The same worker 
(1927) later withdrew this claim and suggested that the infective agent was 
a small round granule which appeared in the cytoplasm of infected cells, for 
which he proposed the name Strongyloplasma myxomae. Lipschutz 
(1927) likewise noticed similar bodies within the cytoplasm of swollen tumour 
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cells but disagreed that they were either strongyloplasms or chlamydozoa, 
and named them Sanarellia cuniculi. Rivers (1927) also reported acido- 
philic intracytoplasmic inclusion bodies in cells overlying the myxomatous 
masses and Hobbs (1928) confirmed these observations. Findlay (1929) 
on the other hand, failed to find inclusion material though he successfully 
confirmed Lipschütz's observations. 
Granules similar to those described by Lipschutz have also been noted 
by Lewis and Gardner (1932) who demonstrated their presence in stellate 
and epithelioid cells by employing a modified Wright's stain. They, however, 
stated that these structures resembled the Rickettsia of heart water disease 
of sheep, and make no reference to virus particles. Later, Hyde and Gardner 
(1933) and Hyde (1936) suggested that the inclusion body of myxomatosis 
consists of a number of granules which probably represent the virus. 
In this publication the writer desires to record the presence of minute 
bodies which he has observed extracellularly, in the conjunctival exudate of 
rabbits infected with myxoma virus. A specimen of rabbits testis infected 
with myxoma virus and preserved in 50 % glycerol solution was used for the 
investigations. A fragment of tissue 0.5 gram in weight was washed free of 
glycerol with physiological saline and ground in a mortar in 4.5 ccs of sterile 
broth. The emulsion was then plated out on blood agar medium and inoculated 
into a meat medium and incubated at 37° C for 10 days for evidence of 
cultivable aerobic or anaerobic bacteria. No growth was obtained, however, 
and the material was used for animal inoculation. 
Experimental work. 
Twelve healthy rabbits were selected and films of conjunctival secretion 
made from each eye prior to infection in order to serve as controls in each 
case. Six were inoculated intratesticu- 
larly and the remainder, by placing a 
drop of the material on the conjunc- :; . .- , s 
tiva and then scarifying it with the ; _ J 
point of a needle. All the animals died ';..: r. . 
in 4 to 7 days. Prior to death, six of ' ; i 
the rabbits which had been inoculated 
by the ocular route showed marked '4 ' ''rl, <` ,' 1 , '. 
conjunctivitis accompanied by a pro- á 
t .:' `'' s 
fuse white muco- purulent exudate and ?' c. ° 
,r.. 
+K' "'' . 
three of the remainder showed similar ;.' + 't, at ;. ;. . 0 
eye lesions. 14_4.......... ' Z': . '' 
Direct films were made from con- '4'. e ,:.: ± .., , ..,....t..1,:',; 
junctival secretion obtained from each A ..:' , ' '' ' . . ' 
animal, on glass slides of 1.1 mm in . .. ä .. ;`.' =k,n. 
thickness, and then stained by Paschen's r--L= :' ... 
method for the demonstration of ele- - `', j , M .. t.,,,, :. .. LL it mentary bodies. Briefly the technique 
consisted of the following procedure: Fig. 1. Film made from the conjunctival 
Air dried films were immersed in distil- secretion of a rabbit 4 days after inoculation 
led water for 5 mins.; fixed in methyl alcohol with myxoma virus. Stained by Paschen's 
for 3 mins., permitted to dry; treated with Löff- method. X 1222. 
ler's flagella mordant for 5 mins., being gently 
heated for i/2 min., thoroughly washed in 
distilled water for 1 min., and next stained with 5 % carbol fuchsin for 5 mins., being gently 
heated until steam arose. The stain was thereafter poured off, the film was rapidly washed 
in water, dried in hot air and mounted with a No. 1 coverslip in Hyrax (Watson) medium 
9* 
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possessing a refractive index of 1.8 when dried. The slide and coverslip were next placed 
between two heavy weights and the coverslip firmly compressed against the slide for a 
period of 24 hrs. 
Preparations scruti- 4 nized under low power 
`' `. * magnification failed to . 
. reveal any significant 
. 
,. findings, but when exa- 
mined under a x 1080 
', magnification several in- 
-! . .... teresting observations 
" . *¿ : i -... iv were made. '. 
21.V The following optical r 
.d. .. 'v',; ' . system was employed for the 
. ; á ' purpose x 13 Compensa- . 
` r" ,' 
, - ting ocular (Leitz), 2 mm apo- :r h % `` +: chromatic oil immersion ob- 
v *b t< .' . i í jective of numerical aperture 
..... 'M t ,>' , ' .1 (N.A.) 1.3 (Zeiss), Holoscopic oil immersion substage con - " '.`" denser of N.A. 1.3 (Watson) 
+.. , 
n 
R % which was used at full aper- 
ture throughout, and a 48 c.p. 
intensity source of illumina- 
Fig. 2. Similar specimen to Fig. 1, showing a clump of ele- itted with condenser, 
mentary bodies and the remains of a ruptured cell. x 1222. iris diaphragm and ground 
glass screen. Before each slide 
was examined the lamp filament, its diaphragm and the microscope substage condenser 
were accurately centred. Also, any necessary corrections were made to the length of the 
draw tube in order to compensate for slight variations in slide or coverslip thickness. 
With this optical equipment, it was 
possible to show the presence of nu- 
' 
merous elementary bodies in every 
. specimen of conjunctival exudate exa- 
- ' mined. These varied from 0.2 µ to 0.4 II 
.- . in diameter when measured by direct 
- 
micrometry and from 0.31 ti. to 0.36 v. 
' .' 4 : when estimated by Nelson's (1909) 
' method of measurement by extinction. 
The latter readings were obtained with 
a dry 6 L objective (Leitz) of maxi- 
mum N.A. 0.65, fitted with an iris 
s 
ti ' ~ diaphragm and flange upon which gra- 
`" ` : -' _' duations of N.A. were engraved. The 
',T .. ;, - :'.6r - ,'+ ̀ , instrument itself had been calibrated 
;'C . ti ; 
LI. ^ with. an apertometer into eleven divi- 
sions of 0.05 ranging from N.A. 0.65 
Fig. 3. Photomicrograph of a 3 days cul- 
ture of vaccinia virus grown in the chicken presented the specified N.A. Fig. 5, 
embryo. x 1222. shows another objective designed for 
the same purpose. In order to reduce 
the possibility of personal error associated with this form of measurement, 
the results given represent the mean of two sets of readings obtained by 
the author and a colleague. Both white light and green were employed for 
the purpose (see Nelson 1909). 
' ole. _ -: 
Elementary (Paschen) Bodies in Infecti 
The number of virus bodies found 
but they appeared most numerous after 
of the virus by the conjunctival route. 
Morphologically, they frequently occur- 
red in pairs and often appeared in 
chains of four or five (Fig. 1). Tetrad 
formation was never seen and variation 
in size seldom occurred. Often it was 
possible to demonstrate that the bo- 
dies were contained within epithelial 
cells and appeared in large groups in 
the proximity of cells which had been 
ruptured during fixation (Fig. 2). 
These structures bear the closest 
possible resemblance to the elementary 
or Paschen bodies of vaccinia (Fig. 3) 
and there is little doubt that they are 
"virus bodies ". Control films made 
from animals before infection failed to 
show such bodies. 
An endeavour was next made to 
discover whether any significant diffe- 
rences could be distinguished between 
a specimen of Paschen bodies obtained 
from vaccinial keratitis of the rabbit 
and infectious myxomatosis affecting 
the same situation. After prolonged 
study of many specimens the conclu- 
sion has been drawn that: The ele- 
mentary bodies of infectious myxom- 
atosis are more numerous and stain 
more easily in conjunctival secretion 
than vaccinial elementary bodies. Short 
chain formation is also a feature and 
individual granules appear to be larger 
than Paschen bodies, which were 0.25 
to 0.3 v. in size when stained and 
measured by the same methods. 
It is difficult however to make 
positive statements regarding the size 
of such minute structures. Notwith- 
standing every possible precaution 
which may be taken to ensure that 
the particles are being viewed under 
identical conditions, there still exist 
a number of uncontrollable factors 
which are capable of influencing their 
apparent dimensions. For example, 
the estimated size is affected by the 
following factors: 1. Variations in the 
when a mordant has been employed. 
different focal planes irrespective of 
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in each specimen varied considerably 
the fourth day following inoculation 
f .,s " 
. 





Fig. 4. For purpose of comparison this 
illustration shows the appearance of sta- 
phylococci and B. coli when stained and 
photographed under identical conditions to 
Figs, 1, 2 and 3. x 1222. 
(The above specimens have been stained by 
Paschen's method and are magnified jx1222. 
Each division on the micrometer scale in 
Figs 1, 3 and 4 = 0.14 Ea,. All the photo- 
micrographs have been taken under pre- 
cisely similar optical conditions and are 
therefore comparable with each other.) 
Fig. 5. Photograph of an objective fitted 
with iris diaphragm and graduated flange, 
used for the measurement of minute ob- 
jects by extinction. 
amount of stain deposited, especially 
2. The presence of particles lying at 
how closely the coverslip and slide 
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have been brought into apposition. The apparent size of the elementary 
body can also be increased or diminished at will by varying the aper- 
ture of the iris diaphragm and N.A. of the condenser. Thus, the smaller 
the cone of light emerging from the condenser, the greater will be the 
amount of diffraction produced around the particle and, consequently, the 
larger will it appear to be. Although differences in estimated size due to this 
source of variation are extremely small in amount, they must nevertheless 
be borne in mind. To eliminate this fallacy a fixed (maximum) aperture of 
N.A. 1.3 has been employed throughout the present work. For purposes of 
comparison a third photograph (Fig. 4) taken under identical conditions to 
Nos. 1 and 2 and 3, showing B. c o li and Staphylococci stained by Paschen's 
method, has been included. 
Observations under dark -ground illumination. 
Only stained and mounted preparations such as those described above 
have been examined by dark -field illumination. Unstained films have not 
been viewed by oblique light, because past experience indicated that con- 
clusions based on such examination were more often misleading than helpful. 
The writer has therefore used dark -field illumination only to determine whether 
or not a particular elementary body, or group of particles noticed in a stained 
film were also refractile when seen by dark -ground. The means by which it 
has been possible to make such observations has been by applying the excellent 
principle advocated by Coles (1929). A slide is first examined with a 2 mm. 
oil immersion objective with a X 8 eyepiece and a typical staining elementary 
body moved into the centre of the field. The objective is then racked off the 
slide, the oil wiped off without moving the slide (which should be firmly 
fixed); an 8 mm apochromatic objective (Zeiss) is turned into position; a X 25 
compensating ocular (Zeiss) substituted for the previous eyepiece; and a patch 
or Travis's expanding stop inserted into the substage condenser ring. The 
ground glass screen of the lamp is next removed and after refocussing upon 
the slide, dark -ground illumination should be immediately obtained. It should 
now be possible to know whether or not the stained granule previously seen, 
is also refractile to transmitted light. This proceeding should be repeated 
until several hundred elementary bodies have been viewed by this critical 
method of inspection. 
From his own observations the writer is convinced that the elementary 
bodies reported in myxomatosis infection of the rabbit bear a close resemblance 
to the Paschen bodies of vaccinia. 
A similar conclusion was reached by Ar a g a o (1927) and the writer has there- 
fore compared his own illustrations with those contained in Aragäo's paper. 
Although there is a close similarity between the elementary bodies 
described by the writer and Aragáo's Strongyloplasma myxomae, it is 
impossible to assume their identity, for Aragao only makes a short reference 
to their presence and does not mention their size. Ar a g a o furthermore used 
Giemsa's stain, whereas the writer used Paschen's stain for elementary bodies, 
and also obtained successful results with Victoria Blau 4 R stain (see Herz- 
berg, 1934). 
Control experiments. 
Isolation of animals. 
Since infectious myxomatosis of the rabbit is a highly contagious disease, 
all animals inoculated with the virus were housed in an isolation room in the 
laboratory. It should also be mentioned that there were no rabbits infected 
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with any other virus diseases present amongst the laboratory stocks, at the 
time when the experiments with myxomatosis virus were in course of progress. 
Appearance of normal conjunctival secretion. 
Films were made from the conjunctival secretion of 50 rabbits comprising 
25 healthy normals and 25 experimental animals. The latter were being used 
in the laboratory for other investigations. 
Each specimen was stained by Paschen's method for demonstration of 
elementary bodies and next examined by direct and dark -ground illumination 
as before. With each batch of slides a film of myxomatosis and vaccinia 
elementary bodies were included in order to control the efficiency of the 
staining technique. 
In no single case was it possible to demonstrate in the control series 
elementary bodies similar to those found in myxomatosis and vaccinia in- 
fection. Occasionally in some films deeply stained granules of about 0.25 EL 
in size which resembled virus bodies were seen. Close inspection of the latter, 
often revealed that they were scanty in numbers, possessed a hazy indistinct 
outline and when viewed under dark -ground illumination failed to show 
refractility. In the same control films these could be demonstrated in another 
way. Namely, by first observing the specimen with oblique light and then 
by direct light, thus reversing the previous sequence of events. 
By this method it was often observed that stained films of normal eye secre- 
tion when viewed by dark -field, appeared to be full of elementary bodies, judging 
by the multitude of refractile particles present. But when a field showing this 
appearance was viewed by direct light, stained elementary bodies could not be 
found at the spots at which the refractile granules were previously noted. 
From these observations it was concluded that the non -staining refractile 
particles present in normal conjunctival secretion were probably artifacts. 
The difference between the latter and true elementary bodies such as 
those of vaccina and myxomatosis, is even more striking when compared 
with each other, for elementary bodies not only stain readily by Paschen's 
method but are also refractile to oblique illumination. 
The results therefore emphasize the caution necessary when interpreting 
the appearances seen by dark field illumination, which should invariably bé 
made in conjunction with stained slides of the same specimen if possible. They 
moreover show the advantages to be gained by use of the optical system em- 
ployed, which makes it possible to obtain dark or direct illumination of a 
stained specimen without moving the field: 
Use of rabbits immunised against vaccinia virus. 
Vaccinia- immune rabbits were employed in order to prove that the strain 
of myxomatosis virus studied was not contaminated with vaccinia virus. 
Three rabbits which had been used for preparation of vaccinia antiserum 
were tested. These animals had received graded doses of virulent vaccinia 
virus for a period of 2 to 3 months and a fortnight before inoculation with 
myxomatosis virus they withstood 0.5 cc of 1.10 dilution of vaccinia virus 
in rabbits testis which was active to an end titre of 1:1000000 dilution. The 
three animals were next injected subcutaneously with 0.25 cc of a 1: 1000000 
dilution of myxomatosis virus contained in rabbit testicle tissue and then 
placed in separate cages. The first rabbit died in 5 days, the second in 9, 
and the third in 10 days. All the animals showed evidence of severe con- 
junctival infection accompanied by profuse secretion, in which countles 
myxomatosis elementary bodies were demonstrated. 
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Experiments on the guinea pig, rat, ferret, pigeon, hen, 
dog and pig. 
Myxomatosis virus is non -pathogenic to the above species of animals 
(see Rivers 1930). Vaccinia virus on the other hand is infective in varying 
degree for the same animals. Two guinea pigs, two rats, two ferrets, one 
pigeon, one hen, one pig and a young dog, were inoculated subcutaneously, 
as well as by the ocular route, with 1 cc of a 1 : 10 dilution of myxoma virus 
active to an end titre of 1:1000000. The animals were kept under observation 
for two weeks but no evidence of disease was demonstrable at the end of this 
period. The susceptibility of these species to vaccinia virus was next tested 
by inoculating each of them with 0.25 cc of a 1 : 1000 dilution of vaccinia 
virus, and the material administered intraconjunctivally as well as by corneal 
scarification. Within seven days the two rats, two guinea pigs, dog and pig 
showed evidence of vesiculation at the site of inoculation accompanied by 
keratitis and general illness. The pigeon only showed transient cloudiness 
of the inoculated eye and the hen and ferrets failed to react. 
The evidence thus indicates that the strain of myxoma virus employed 
in these experiments was free from contamination with vaccinia virus. 
Summary. 
The similarity of the elementary bodies found in myxoma infection to 
the Paschen bodies of vaccinia virus has made it essential to institute an 
elaborate series of experiments to . establish the purity of the strain of myxo- 
matosis virus used. 
Control observations have proved that the elementary bodies found in 
myxomatosis are absent from the conjunctival secretion of animals before 
inoculation. They were also absent from the conjunctival secretion of 50 other 
rabbits chosen at random from normal stocks as well as experimental animals 
employed in the laboratory for other purposes. Two methods have been used 
to prove the absence of vaccinia virus from the strain of myxomatosis virus 
employed. First it was found impossible to infect rabbits immunised against 
vaccinia virus with 0.5 cc's a 1:10 dilution of this virus, but these rabbits 
were proved to be susceptible to 0.25 cc of a 1:1000000 dilution of myxoma 
virus. Secondly, the writer has demonstrated resistance in seven different 
species of animals to myxoma virus and has proved the susceptibility of the 
same animals to a stock laboratory strain of vaccinia virus. Much further 
work is necessary, however, before it can be finally suggested that the elemen- 
tary bodies described in the present note are aetiologically related to myxo- 
matosis of the rabbit. Serological and other studies with this object in view 
are in progress and will be reported later. 
The aim of the present communication is to record in myxomatosis of the 
rabbit, the presence of typical elementary bodies resembling the Paschen 
bodies of vaccinia. 
Conclusion. 
1. Typical elementary bodies resembling in morphology the elementary 
or Paschen bodies of vaccinia have been demonstrated in infectious myxoma- 
tosis of the rabbit. 
2. The size of these stained elementary bodies vary from 0.31 to 0.36 µ, 
when measured both by direct micrometry and by the extinction method. 
Vaccinial elementary bodies obtained from a similar source when stained and 
measured under identical conditions vary from 0.25 p, to 0.3 i in diameter. 
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3. It is suggested that the myxomatosis elementary bodies are larger in 
size than vaccinial Paschen bodies; appear in greater numbers and occasionally 
show evidence of short chain formation. 
4. Experiments on rabbits immunised against vaccinia virus as well as 
tests on animals of seven different species have proved that the strain of 
myxoma virus used for study was free from contamination with vaccinia virus. 
Acknowledgements. 
I desire to acknowledge my indebtedness to the late Professor Paschen as well as to 
Professor Nauck of Hamburg for the help and instruction they have given me in the staining 
and recognition of elementary bodies. I also wish to thank Dr. Gordon of St. Bartholomew's 
Hospital London and Professor Mackie of Edinburgh University for many helpful suggestions. 
References. 
Aragao, H. B., Brazil Med. 25, 471 (1911). - Aragso, H. B., da Rocha Lima, H., 
a. v. Prowazek, Handb. d. pathog. Protoz., Leipzig 11, 969 (1920). - Id., Mem. Inst. Cruz 
(port.) 20, 237 (1927). - Coles, A. C., Brit. med. J. 11, 91 (1929). - Findlay, G. M., 
Brit. J. exper. Path. 10, 214 (1929). - Herzberg, K., Zbl. Bakter. I Orig. 131, 368 (1934). - Hobbs, J. R., Amer. J. Hyg. 8, 800 (1928). - Hyde, K. E., Ibid. 23, 278 (1936). - 
Hyde, R. R., a. Gardner, R. E., Ibid. 17, 446 (1933). - Lewis, M. R., a. Gardner, R. E., 
Amer. J. Path. 8, 583 (1932). - Li schütz, B., Wien. klin. Wschr. 1927, Nr 40, 1101 - 
Moses, A., Mem. Inst. Cruz (port .)3  , 46 (1911). - Nelson, E. M., J. Roy. Micro. Soc. 
649 (1909). - Rivers, T. M., Proc. Soc. exper. Biol. a. Med. 24, 436 (1927). - Id., J. of 
exper. Med. 51, 965 (1930). - Splendor e, A., Zbl. Bakter. I Orig. 48, 300 (1909). 
POST- VACC1NAL ENCEPHALITIS 411 
V LPINO, G. (1909), Zbl. Bakt., Abt. I, orig., 49, 197. 
(1912), Rev. int. Vacc., 2, 312. 
Vo , J. A. (1938), Bull. Off. int. Hyg. publ., 30, 1712. 
WAL i D, B. (1926), Schweiz. med. Wschr., 56, 854: 
W N Yrr, W. McC. (1913), How to diagnose Smallpox, Smith Elder, London. 
. K. (1929), J. exp. Med., 50, 31. 
K., and TANa, F. F. (1929), J. exp. Med., 49, 1. 
NT (1883); cited by Blaxall (1930). 
LEWSKI (1897), Zbl.'Bakt., 21, 901. 
Z. Hyg. .InfektKr., 38, 212. 
. (1924), Arch. Hyg., Berl., 92, 359. 
(1931), Mschr. Kinderheilk., 49, 28. 
874), Anatomische Beiträge zur Lehre von den Pocken, Breslau. 
872), Arch. Psychiat. Nervenkr., 3, 376. 
. Psychiat. Nervenkr., 4, 338. 
MYERS,'A. T. (1886), Trans. clin. Soc. Lond., 19, 164. 
8), J. infect. Dis., 62, 27. 
oRD, F. R. (1927), Johns Hopk. Hosp. Bull., 40, 337. 
h. Hyg. Berl., 98, 241. 
d GIBBS, N. (1926), Brit. J. Child. Dis., 23, 107. 
AIGIE, J. (1936), J. exp. Med., 64, 831. 
ch. Heilk., 13, 512. 
. A. (1930), J. nerv. ment. Dis., 71, 714. 
h. Derm. Syph., Wien, 177, 186. 
. R. Army med. Cps., 37, 418. 
er. J. Path., 6, 169. 
w Engl. J. Med., 202, 122. . 
, 206, 570. 
208, 641. 
R, R. F. (1933), New Engl. J. Med., 208, 317. 
Path., 12, 141. 
F. W. (1937), J. Bact., 33, 58. 
ond., 10, 483. 
TANÓN, L., and MARIE, P. (1913), Bull. Acad. 
ig., 51, 290. 










WHIPHAM, T., an 
WIDELOCK, D. (1 
Wu.soN, R. E., an 
WINKLER, (1927), A 
WINNICOTT, D. W., a 
WISHe1RT, F. O., and 
WOHLRAD, A. (1872), 
WOLF, H., and BEAMS, 
WOLLNITZA, E. (1938), A 
WOODCOCK, H. M. (1921), 
WOODRUFF, C. E. (1930), 
W000DwARD, S. B. (1930), 
(1932), New Engl. J. Me 
(1933), New Engl. J. Me 
WOODWARD, S. B., and FEEMS 
WOOLPERT, O. C. (1936), Amer. 
WOOLPERT, O. C., and GALLAGHE 
WRIGHT, O. K. (1935), Bull. Hyg., 
WURTZ, R., TEISSER, P., CAMUS, L. 
Med., Paris, 69, 65. 
XYLAxDEx. (1909), Zbl. Bakt., Abt. I, 
YAOI, H. (1931), Bull. Off. int. Hyg. p 
(1934), Jap. J. exp. Med., 12, 123. 
(1935 a), Asp. J. exp. Med., 13, 30 - (1935 b), Bull. Off. int. Hyg. publ., 2 277. - (1936 a), Bull. Off. int. Hyg. publ., 28, 933. - (1936 b), Bull. Off. int. Hyg. pubi., 28, '39. - (1936 c), Jap. J. exp. Med., 14, 311. 
-.(1937), Jap. J. exp. Med., 15, 155. - (1938 a), Jap. J. exp. Med., .16, 117. - (1938 b), Paris med., 28 (2), 127. 
YAOI, H., and AKASAWA, S. (1938), Jap. J. exp. ' ed., 16, 465. 
YAOI, H., and KASAI, H. (1929 a), Jap. J. exp. M> ., 7, 241. - - (1929 b), Jap. J. exp. Med., 7, 243. 
(1929 0), Jap. J. exp. Med., 7, 389. 
(1929 d), Jap. J. exp. Med., 7, 579. - (1929 e), Jap. J. exp. Med., 7, 585. . 
(1930), Jap. J. exp. Med., 8, 499. - (1931 a), Bull. Off. int. Hyg. publ., 23, 299. - - (1931 b), Jap. J. exp. Med., 9, 519. - (1933), Jap. J. exp. Med., 11, 383. 
AOI, H., and NAKAHAIaA, W. (1934), Jap. J. exp. Med., 1 - 131. 
YoàNNOVITCH (1930), Bull. Off. int. Hyg. publ., 22, 1153. 
YOFFEY, J. M., and SULLIVAN, E. R. (1939);.J. exp. Med.,.6 133. 
ZELLER, H., GILDEMEISTER, E., and HILGERS, P. (1933), Zb Bakt., Abt. I, orig., 
128, 21. 
ZUELZER, W. (1874), Zbl. med. Wiss., 12, 82. 




CHAPTER- XX ; nr: r odi t _ C f 
RIFT VALLEY FEVER. 
RIFT Valley fever or enzootic hepatitis was first described by Daubney, 
Hudson, and Garnham in 1931. These workers found the disease in 
Kenya Colony among sheep, and at the same time recorded its experi- 
mental transmission to man. In all probability the condition . was 
noticed earlier by Montgomery (1913), who recorded an outbreak of a 
similar disease causing a 90 per cent. mortality among lambs at a govern- 
ment farm at Naivasha in Kenya. The 1930 outbreak, which was described 
by Daubney and his co- workers, occurred on a farm situated at an altitude 
of 5,500 to 6,000 feet extending northwards from the shores of Lake 
Naivasha in the Rift Valley. About 3,500 lambs and 1,200 ewes died from 
the disease, and the mortality attained a figure of 95 per cent. among the 
3 to. 7 days' old lambs (see also Findlay and Daubney, 1931). 
Rift Valley fever has been noticed in Kenya, Uganda, Anglo- Egyptian 
Sudan, French Sudan, and French Equatorial Africa, but has not yet been 
reported in Nigeria, the Gold Coast, Sierra Leone, or Gambia (Findlay, 
Stefanopoulo, and MaéCallum, 1936). 
THE DISEASE IN MAN 
Daubney; Hudson, and Garnham (1931) demonstrated the infectivity of 
Rift Valley fever virus for man by inoculating a human subject with a 
filtrate derived from infected sheep tissue. Later, Findlay (1932) recorded 
that many of the natives employed in herding sheep during the period of 
the enzootic also suffered from a short febrile condition resembling the 
experimental disease in man. Then, Schwentker and Rivers (1934) re- 
corded a fatal case in a laboratory worker who contracted the disease 
and died following complication with thrombophlebitis. Kitchen (1934) 
described another laboratory infection, . and subsequently Francis and 
Magill (1935) and Findlay (1932) drew attention to 6 further cases that 
were acquired in a similar fashion. Curasson (1934) has suggested the 
possible occurrence of the disease in the French Sudan. The general 
course of the malady is that of a mild febrile illness and, according to 
Daubney, Hudson, and Garnham, at least 200 human cases have 
occurred in British East Africa, without complications or death. 
Clinical Features 
After an incubation period of 5 to 6 days, the symptoms of the disease 
develop suddenly. A wide variety of clinical manifestations are liable to be 
present, such as general malaise, headache, nausea, vomiting, shivering, 
rigors, shooting pains in the muscles and joints, particularly affecting the 
shoulder region and back, a sense of fullness over the liver, tenderness of the 
eyeballs, photophobia, mental confusion, vertigo, and epistaxis. The 
pyrexia varies from about 101 to 103° F., is of the so -called `saddle -back' 
type resembling that recorded in dengue, and may occasionally reach 
105 -6° F., the pulse rate being also increased. Usually, the disease only lasts 
for a few dàys and the convalescent period is short. Relapses have been 
reported. (see Francis and Magill, 1935). 
Clinical Pathology 
The most characteristic feature is the presence of a leucopenia. A figure 
of 3,720 w.b.c. per c.mm. has been recorded by Francis and Magill, and 
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the decline principally affects the polymorphonuclear leucocytes. Findlay 
(1932) has recorded the presence of occasional myelocytes and polymor- 
phonuclear leucocytes possessing vacuolated. nuclei. He also states that 
the leucopenia may persist into convalescence. Throughout the disease 
the patient's urine may appear to be normal in its colour and constituents, 
containing neither blood, bile, nor casts. Findlay (1932), however, has 
mentioned a case in which the urine was of a deep yellow colour and was 
not pathogenic for mice. On the other hand, blood, or throat washings 
derived from patients during the height of the illness have proved infective 
for mice. 
Protective antibodies have been detected in the blood serum of indivi- 
duals 9 days after the onset of fever, and complement -fixing antibodies 
have likewise been shown in such sera by Broom and Findlay (1932, see 
also p. 89). Schwentker and Rivers (1934) found that, in the case of 
Rift Valley fever observed by them, the patient's serum neutralized over 
1,000 m.l.d. of virus for mice. 
Pathology 
The only fatal case on record is that reported in a laboratory worker who 
died from venous thrombosis, 45 days after the onset of infection. The 
acute stage of his illness only occupied the first week. At autopsy, clots 
were present principally in the inferior vena cava, and to a lesser extent 
in the saphenous and femoral veins. Chronic pleuritis together with old 
pulmonary infarcts and emboli were present in both lungs. The liver 
showed no abnormalities, and the virus could not be recovered from post- 
mortem tissue. This was doubtless due to the active stage of the disease 
having subsided some considerable time prior to death. 
THE NATURAL DISEASE IN SHEEP 
This is of a variable character, and the following signs have been 
recorded: vomiting, diarrhoea, melaena, mucopurulent nasal discharge, 
loss of appetite, abortion in pregnant animals, unsteady gait, and death 
usually within 24 hours after the onset of symptoms. The temperature 
is often normal. 
At post mortem the following changes are seen: 
The liver. Focal necrosis of this organ is the most striking feature of 
the disease. Small white foci of necrosis about 1 mm. in diameter appear 
beneath the capsule of the liver, frequently surrounded by pin -point 
haemorrhages. Necrotic foci are evenly distributed throughout the organ, 
and when numerous they tend to coalesce, forming a diffuse necrotic 
lesion. There is, however, no sign of demarcation of necrotic areas from 
surrounding liver tissue. The liver is usually not increased in size but 
is occasionally, engorged with blood. 
The spleen is not enlarged, but shows numerous subcapsular pin- 
head haemorrhages, especially at the free border of the organ. 
The kidneys. Haemorrhages and capillary arborescence have sometimes 
been. recorded. 
The lungs'. Small, slightly raised areas which are oval in shape and an 
inch or more in diameter occur on the, surface of the organ. 
Circulatory system. Subpericardial ecchymoses are common in the 
region of the coronary grooves or the ventricles of . the heart.. The mesen- 
teric vessels are always strongly injected and engorged with blood.. 
Lymphatic glands of the latter region may be enlarged and show 
cortical necrosis. . 
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Alimentary tract. The lesions here are of variable character, the principal 
changes affecting the lower intestine being hyperaemia, congestion, and in 
severer cases, haemorrhagic enteritis. 
CHARACTERISTICS OF THE VIRUS 
Pathogenicity to Animals 
Other than its infectivity to the lamb, sheep, and the human subject, the 
virus has been shown to be pathogenic to a number of other species of 
animals (see Findlay, 1932). In rhesus monkeys it produces a non -fatal 
illness, followed. by recovery and protection from further attacks: for at 
least 6 months afterwards. 
The African monkeys, Cercopithecus callitrichus, Erythrocebus patas, and 
Cercocebus fuliginosus, fail to exhibit a febrile reaction when inoculated 
with Rift Valley virus, although it may persist for a few days in their 
blood. Findlay (1932 a) pointed out that the relative insusceptibility of 
these species to infection was not due to the presence of antibodies in their 
blood, since antibodies only developed after inoculation. South American 
Monkeys, such as Cebus fatuellus, C. chrysopus, Hapale jacchus, and H. 
penicillata, were more susceptible and showed a febrile reaction following 
infection. The virus can also be recovered from the blood of these species 
during a pyrexial period, 
, 
and immune bodies are demonstrable in the 
blood of capuchin monkeys 14 days after injection. Cats exhibit a 
transient febrile illness. The virus is highly pathogenic and proves invari- 
ably lethal to mice, field voles (Microtus agrestis), wood mice (Apodemus 
sylvaticus), dormice ( Muscardinus avellanarius), and golden. hamsters 
(Cricetus (mesocricetus) aurantus). In rate the virus causes a 50 per cent. 
mortality and is of about the same degree of pathogenicity to the ferret 
(see Francis and Magill, 1935).,. The cow, goat, and grey squirrel suffer from . 
a severe but non -fatal malady. Rabbits appear to be resistant, but may 
harbour the virus for a short time in their blood after infection. The 
guinea -pig, mongoose, hedgehog, tortoise, frog, hen; pigeon, and parakeet 
are resistant. Susceptible animals can be infected by any route of inocu- 
lation, and in pregnant animals the virus has been shown to be capable of 
passing through the placenta into the foetal circulation. 
Morbid Histology of the Infected Liver 
Lesions present in the sheep, goat, rat, mouse, monkey, squirrel, hamster, 
vole, and wood mouse have been carefully studied by Findlay. (1933), 
The changes are either those affecting the cytoplasm or the nuclei of liver 
cells, and are as follows : 
Changes in the cytoplasm. 
The initial lesion is focal necrosis of the liver, which may affect any area, 
but in the rhesus monkey it tends to be confined to the mid -zonal area of 
the lobule. In lambs, mice, rats, and other small rodents no such distinction 
is possible, owing to the rapidity with which the infection spreads through 
the whole organ. For example, in mice, 48 hours after inoculation, there 
is little or no recognizable liver tissue left. With rhesus monkeys the 
changes are less extensive and localized hyaline necrosis occurs, character- 
ized by the formation of round, hyaline, acidophilic bodies within the 
cytoplasm of individual liver cells. These structures are often surrounded 
by a clear space' and may even be extruded from the liver cell ; they tend 
to be best developed in the most resistant animals such as the adult sheep 
and goat, whereas they are less well marked in the susceptible mouse. 
RIFT VALLEY FEVER 415 
Fatty degeneration and pigmentation are only occasionally seen in the 
rhesus monkey and are absent in other species. In the case of mice, 48 
hours after infection the whole structure of the liver lobule is destroyed, 
nuclei show karyorrhexis, the cytoplasm becomes vacuolated and contains 
a few remnants of mitochondria and nuclear chromatin. The changes 
occurring in the Golgi apparatus were also investigated by Findlay, who 
employed the Mann -Kopsch method for the purpose, and found that all 
traces of Golgi apparatus had disappeared from the liver cells at the end of 
48 hours in infected mice. 
Nuclear changes. 
These changes in liver cells are a characteristic feature of the disease. 
They were originally observed by Daubney and his co- workers, and later 
extensively reinvestigated by Findlay (1932). The essential changes are 
margination of the chromatin which becomes distributed inside the 
periphery of the nuclear membrane, and the appearence of acidophilic 
material within the nucleoplasm. In fresh tissue the latter may be stained 
by vital dyes such as dilute water- soluble eosin, methylene blue, neutral 
red, or phloxine red. Janus green B and osmic acid exert no effect upon 
them. Findlay states that the intranuclear inclusions of Rift Valley fever 
are dissolved by 0.1 per cent. acetic acid or 1 per cent. ammonia ; moreover, 
he adds that their existence in fresh tissue militates against their being 
artefacts in origin. Chemical tests . have failed to disclose the nature of 
their composition, as they are neither blackened by osmic acid, nor can they 
be stained with Sudan III, Scharlach R, or Nile Blue sulphate in frozen 
sections. They give a negative reaction for chromatin by the Feulgen 
technique, and also a negative Bensley MacCallum for masked iron. The 
following is a list of stains used by Findlay for demonstrating intranuelear 
inclusions of Rift Valley fever : iron haematoxylin and eosin, Giemsa, 
eosin and methylene blue, phloxine and methylene blue, resorcin fuchsin, 
phosphotungstic acid haemotoxylin, Mallory's stain, Castaneda's stain, 
neutral red and neutral gentian violet. 
For work bearing on micro -incineration studies carried out in Rift 
Valley fever the reader is referred to the studies of Horning (1934). 
Neurotropic Strain of Rift Valley. Fever Virus 
Mackenzie and Findlay (1936) 
, 
passaged the virus 30 times intracere- 
brally through mice. By this method they succeeded in producing a 
neurotropic strain of virus which possessed a fixed affinity for nervous 
tissue, and such a strain, when injected intracerebrally in mice, produced 
encephalomyelitis without liver necrosis. Rhesus monkeys were also in- 
fected with this strain by intracerebral or intranasal inoculation. Rabbits 
and guinea -pigs were apparently insusceptible (Mackenzie, Findlay, and 
Stern, 1936). 
Morphology, Size, and Filterability of the Virus 
This is one of the smallest viruses known, and some of the earliest 
experiments indicated this. fact. Thus Daubney and his colleagues found 
that it passed through the Pasteur - Chamberland Lll bougie, and occa- 
sionally even the Li3 size. It also passed the Berkfeld V, N, and W grades of 
candle at a negative pressure of 630 mm. Hg. (Findlay, 1932), Subse- 
quently its size was more accurately measured by Broom and Findlay 
(1933), who filtered it through Elford'sgradócol membranes and estimated, . 
its dimensions to lie between 23 and 35 mµ. According to these figures, 
therefore, the virus is well beyond the limits of visibility of the ordinary 
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microscope, and is even too small to be photographed by the ultra -violet 
light instrument (Findlay, 1933). Likewise all attempts to demonstrate 
the virus by staining methods have been without success (Mackenzie, 
1933). 
Cultivation 
Cultivation was first performed by Mackenzie (,933), who used the 
method of Li and Rivers (1930), and employed a culture medium consisting 
of minced chicken embryo fragments suspended in Tyrode's solution (see 
p. 108). Cultures were put up in 5 c.c. Erlenmeyer flasks containing 
5 c.c. of extract, incubated at 37° C. for 3 days and subcultivated by trans- 
ferring 0.2 c.c. of the growth to a fresh medium. In this way Mackenzie 
cultivated the virus through 13 passages, without either diminishing the 
infectivity of the material or altering its characteristics. Saddington 
(1934) has also succeeded in cultivating the virus in vitro in tissùe cultures. 
Preservation of Virus ' 
Kitchen (1934) has preserved it for at least 8 months by mixing blood 
from ill mice with normal serum diluted 1/10, and then desiccating the 
mixture in vacuó. During the course of our studies on this virus we 
have preserved it by desiccating mouse liver tissue in vacuo over calcium 
chloride, according to Craigie's method (see. p. 87). Findlay. (1932) 
showed that lamb's blood, to which 0.5 per cent. carbolic acid was added, 
stored at 4° C., retained its infectivity for mice for 6 months. After 8 
months' storage in oxalate- carbolic- glycerol there was some loss of 
virulence. 
Resistance to Heat 
The thermal death point of the virus contained in blood has been ascer- 
tained to be 56° C. for 40 minutes (Findlay, 1932). 
IMMUNITY REACTIONS IN MAN AND ANIMALS 
It has already been mentioned that the sera of humans or animals which 
have recovered from an attack of Rift Valley fever show both the presence 
of virús- neutralizing as well as complement -fixing antibodies (see Broom 
and Findlay, 1932 ; also p. 89). The latter appear about 14 days after 
the date of infection, and the former have been shown to persist in human 
serum from 4 to 5 years afterwards (Findlay, 1936). This worker has 
also drawn attention to the fact that certain mixtures of Rift Valley fever 
virus and immune serum, which were apparently non -infective when in- 
jected intraperitoneally in mice, could be reactivated or dissociated by 
Simple dilution with saline. The phenomenon was a quantitive one, and 
if falling dilutions of serum were added to equal 'amounts of undiluted 
immune serum, a point was reached at which the mixture could no longer 
be reactivated or dissociated by simple dilutión. Findlay also showed that 
mixtures of virus and immune serum which were neutral on intraperitoneal 
injection proved to be pathogenic if administered intrana'sally. Likewise 
a non- infective mixture of immune serum and virus could be rendered 
infective by increasing its amount. The immunization of mice against Rift 
Valley fever virus has been described by Mackenzie (1935). 
An interference phenomenon. 
Findlay and MacCallum (1937) have described the existence of a most 
interesting phenomenon relating to the apparently antagonistic action of 
Rift Valley fever and yellow fever viruses when introduced simultaneously 
into the same animal. They have shown that the inoculation of a mixture 
RIFT% VALLEY FEVER 417 
of both viruses into rhesus monkeys resulted in protection of 7 out of 10 
animals. Likewise, a single inoculation of mice with neurotropic yellow 
fever virus and pantropic Rift Valley fever virus delayed their death and 
even saved a few from it. The protective action was absent, however, if 
Rift Valley fever virus was injected 24 hours previously. The effect of 
substituting fowl -pest virus (which is non -pathogenic to mice) was also 
tried in place of yellow fever virus, but this failed to afford the same 
degree of protection against Rift Valley fever infection. 
In explanation of these findings, Findlay and MacCallum have suggested 
that, when certain cells are occupied by an actively multiplying virus, they 
cannot be invaded by other virus particles. They also draw an analogy 
between this phenomenon and the occurrence of a somewhat similar 
phenomenon in respect of plant viruses. In the case of plants, it has been 
shown that a feebly pathogenic agent will afford protection to a plant 
when infected with a more virulent one, provided that the two viruses are 
generically related; see Thung (1931), Salaman (1933), Kunkel (1934, 
1936), Holmes (1934), Ainsworth (1934), Caldwell (1935), McKinney (1935), 
and Price (1935, 1936). 
LABORATORY DIAGNOSIS OF RIFT VALLEY FEVER 
During a febrile attack the patient's blood should be withdrawn and 
inoculated subcutaneously or intraperitoneally in a mouse. If the animal 
dies, its liver and blood should first be examined to exclude the presence 
of bacteria, by aerobic and anaerobic methods of cultivation. If the result 
be negative, then histological sections of liver should be stained and 
searched for presence of intranuclear inclusion bodies and other changes 
characteristic of Rift Valley fever. Should the patient's blood prove non- 
infective to mice, then the individual's serum should be tested for the 
existence of virus- neutralizing antibodies. 
RELATIONSHIP TO OTHER VIRUS DISEASES 
Rift Valley fever in man is of interest on account of its clinical similari- 
ties to dengue fever on the one hand and epidemic influenza on the other. 
Pathologically, moreover, the characteristic liver necrosis evident in Rift 
Valley infection of laboratory animals bears a striking resemblance to 
human liver necrosis caused by yellow fever virus. There is, however, no 
reason to believe that Rift Valley fever produces extensive liver lesions in 
man; at least, in those cases which have been quoted in the literature, it 
has not caused sufficient, damage in order to be recognizable clinically. 
Dengue fever. 
With regard to dengue fever and its possible relationship to Rift Valley 
fever, Findlay (1932 b) investigated this problem and found that both 
conditions were entirely different and separate pathological entities. Thus 
he successfully demonstrated, by means of cross -neutralization tests, that 
the monkey Silenus rhesus when immunized against dengue was not im- 
mune to Rift Valley virus. In the same way, monkeys immunized against 
Rift Valley fever could be infected with dengue virus. Also, mice injected 
with dengue virus were not immune to Rift Valley fever virus. 
Yellow fever. 
The points of similarity and dissimilarity existing between this and 
Rift Valley fever _virus are summarized in an excellent account of the 
subject in the work of Findlay and MacCallum (1937). The features of 
Ee 
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differentiation may be summarized thus : Both viruses are exceedingly 
small in size, but yellow fever virus, which measures 18 to 27 mµ (see Broom 
and Findlay, 1933 ; and Bauer and Hughes, 1935), is the smaller of the two ; 
however., Findlay and MacCallum (1937) have accepted these figures,with 
reserve, in view of the margin of error involved when estimating the size 
of the smaller viruses by ultra -filtration. Rift Valley fever virus is highly 
infective to sheep, goats, and small rodents, whereasy ellow fever virus 
does not attack these species. In vitro virus- neutralization tests performed 
with immune sera derived from either condition have failed to reveal the 
existence of cross -immunity between these agents. In vivo tests have 
shown that monkeys recovering from Rift Valley fever are susceptible to 
yellow fever virus and vice versa : moreover, in the case of a laboratòry 
assistant, it was shown that the individual first contracted an attack of 
yellow fever and 3 years later developed an attack of Rift Valley fever. 
These viruses have many features in common, for example, clinically a 
case of Rift Valley fever in man resembles that of a mild attack of yellow 
fever. 
Certain species of monkey appear to exhibit the same degree of suscep- 
tibility to both infections, according to Findlay (1932, 1933). In liver 
tissue, acidophilic intranuclear inclusions as well as Councilman lesions 
appear in both diseases. Likewise, virus possessing neurotropic properties 
is. obtainable from either agent by repeated intracerebral passage (see 
Mackenzie, Findlay, and Stern, 1936). 
Both yellow fever and Rift Valley fever confer lasting immunity to man 
following one attack. Like yellow fever, Rift Valley fever appears to be 
transmitted by mosquitoes of the aëdes. genus (Daubney and Hudson, 
1933), and Daubney and Hudson (1932) also showed that the virus was 
able to survive for 7 days in the engorged nymph of the species Rhipi- 
cephalus appendiculatus.. In view of these findings, Findlay and MacCallum 
(1937) have ventured to suggest that it is conceivable that both these 
viruses may have originated from some common ancestral form, although 
geographically their distributions vary (see pp. 447 and 412). The problem 
of the classification of these two diseases has also been discussed by Broquet 
(1932). 
Influenza. 
The difficulty of differentiating Rift Valley fever from acute influenza on 
purely clinical grounds has been emphasized in a report by Francis and 
Magill (1935). Both diseases exhibit many features in common, for 
example, the abrupt onset, short incubation period, the presence of aches 
and muscular pains, together with a marked leucopenia in the peripheral 
blood. 
In three cases of laboratory infection studied by Francis and Magill, the 
virus was recovered from the nasopharyngeal secretion of patients and 
transmitted to ferrets by intranasal instillation. The virus proved to be 
highly pathogenic to the ferret and caused not only pulmonary consolida- 
tion, but also liver necrosis and haemorrhages into other organs. The 
laboratory diagnosis was, however, confirmed by inoculating mice sub- 
cutaneously and examining histological sections of liver for the presence 
of intranuclear inclusions, Councilman lesions, necrosis and other changes. 
Author's Observations 
on the Virus of Rift Valley Fever. 
For a period of eighteen months I carried out 
systematic examinations on the tissues of mice infect- 
ed with Rift Valley fever virus, for evidence of the 
presence of elementary bodies. The work was inter- 
rupted by the war, but the preliminary experiments 
were completed and evidence was obtained to show that 
the virus of Rift Valley fever was a typical elementary 
body which could be stained, demonstrated and photo- 
graphed under the ordinary microscope. In size it 
measured about 70 mp to 80 m,.a according to micrometric 
extinction and by direct mensuration when compared 
with the elementary bodies of vaccinía against a 
micrometer scale, it was found to be appreciably 
smaller than the latter. They were usually found 
within cells of the reticulo- endothelial system and 
could be demonstrated in tissue scrapings prepared 
from the feet and blood vessels of infected mice. 
When examined by dark -field illumination they were 
highly refractive and were always present in the sera 
of infected animals and absent from uninoculated con- 
trols. These elementary bodies did not form char- 
acteristic clamps of inclusion bodies, and when they 
were observed inside cells they seemed to lie free and 
unsurrounded. Neither was there any data to suggest 
(as will be explained later) that the íntranuclear 
inclusion bodies of Rift Valley fever were composed of 
the/ 
the elementary bodies I have described. 
This observation (which I believe to be correct) 
illustrates how critical microscopic and staining 
methods could increase the size of one of the smallest 
of elementary bodies so as to make it visible under 
the microscope. 
Microdissection of the intranuclear Inclusion Bodies 
of Rift Valley Fever. 
It is not yet known if the intranuclear in- 
clusions of Rift Valley fever constitute virus ag- 
gregates or tissue derivatives of damaged cells. 
To gain some information on this point I was 
able to make suitable preparations of intra -vitam 
stained infected liver tissue, and to dissect these 
cells under a micrornanipulator. 
My results showed quite clearly that the intra- 
nuclear inclusions of infected liver cells were very 
different from other virus inclusions which I had 
studied by the same technique, e.g., those of fowl -pox, 
ectromelia and molluscum contagiosum. As mentioned 
earlier, the former were not surrounded by definite 
membrane and on incising the outer covering of the 
liver cell nucleus the contained inclusion body dis- 
integrated. Attempts to extract a single inclusion 
body and to inoculate a mouse with it were not possible, 
consequently / 
consequently, with the aid of a micro -pipette I picked 
up a single infected liver cell nucleus, washed it in 
saline; and inoculated a mouse. This was repeated 
three times with negative results; although on each 
occasion the saline solution used for washing the in- 
clusion was infective to a mouse. iviy results, there- 
fore, indicate that the intranuclear inclusions in in- 
fected liver tissue in Rift Valley fever are not virus 
colonies but tissue derivatives instead. However, it 
would be imprudent to draw definite conclusions until 
further investigations can be performed, but the ini- 
tial results appear to be significant. It is worth 
remarking that micromanipul ation and dissection was 
undertaken at a magnification of 700 to a maximum of 
1600 diameters, which is the highest limit of magni- 
fication at which such operations are possible. 
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CCORDING to Hirsch (1883) this disease has received many different 
na u es. Thus the Spaniards called it dengue, corresponding in meaning to 
the rench word minauderie and the English word dandy. The word 
color, o was also applied by the Spaniards as a descriptive term. The 
Englis . and Americans have called it break -bone and broken -wing, the 
French . ' raffe and bouquet (whence the English corrupt bucket), and the 
Brazilianz ave named it polka fever. 
Hirsch s tes that the earliest accounts of dengue fever were those given 
by Galberti Egypt in 1779 ; by Bylon of Batavia in 1779 ; and by Rush 
of Philadelph.+ in 1780. Later, the disease appeared in the West Indies 
and shores of t e Gulf of Mexico, where it was called dengue fever by the 
local physicians. It was not, however, until dengue broke out in the 
Eastern Hemisph e in 1871 -3 that the disease received universal recog- 
nition as a distinct linical entity. 
EPIDEMIOLOGY 
A list of the large epi mics occurring in various parts of the world is 
contained in a publicatio on the subject by the American authority 
Armstrong (1923), and then re stated to be as follows : Spain, 1793 ; Peru, 
1818 ; India and Suez, 182 U.S.A., Mexico, West Indies, and South 
America, 1826 -8 ; India (Goo ret), 1824 -8 ; Arabia, 1835 ; India, 1836 
and 1844 ; Bermuda, 1837 ; Egyp 1845 ; India, 1847 ; Senegambia, 1845 -8 ; 
Brazil, 1845 -9 ; U.S.A. and West ndies, 1850 -4 ; India, 1853 -4 ; Tropics 
of Eastern Hemisphere, 1870 -5 ; L. isiana (U.S.A.), 1872 ; Tripoli, 1878 ; 
Caribbean, North 'America, and E, pt, 1880 ; Caledonia, 1884-5 ; Fiji 
Islands, 1885 ; Texas (U.S.A.), 1885 ; . ipoli, 1887 ; Asia Minor, 1889 -90 ; 
Texas, 1894 and 1897 ; Hawaii, 1903 ; ' exas, 1907 and 1918 ; Bermuda, 
1915 ; Egypt, 1916 ; Southern United , . tes, 1922 ; New South Wales, 
1925 ; Greece, 1927 ; Darwin, North Austr.. ia, 1927 -8 ; and more recently 
in Miami, in 1934. 
The rapidity with which dengue fever sere ds is popularly regarded as 
being only second to that of epidemic influenz.. For example, Armstrong 
(1923) states that at Austin, Texas (U.S.A.), in t e epidemic of 1885, out of 
a population of 22,000 persons, 16,000 were attar . ed by the disease. At 
Cairo (in Egypt) in 1880 four -fifths of the inhabit is were affected, and 
during the 1818 epidemic at Lima in Peru only a fe' of its 70,000 inhabi- 
tants are said to have escaped infection, according to sch (1883). In his 
article Armstrong (1923) records an outbreak of de gue observed by 
himself at Monroe, La. (U.S.A.), in 1922, among the poor -r members of the 
negro community, during which 1,000 inhabitants wer attacked even 
before the local health authorities became aware of its : istence. This 
epidemic was terminated by a change in the climatic con ions and the 
advent of frost (see p. 434). 
Within the last decade Millous (1929) reported an outbre of 1,000 
cases in Cochin -China in 1927, and Hargrave (1931) a similar ep '. emit in 
American Samoa during which 2,842 cases were observed in two s onths. 
All accounts, therefore, agree that the disease spreads with alarming 
CHAPTER III 
THE USE OF EARTHENWARE, PORCELAIN, 
ASBESTOS, AND GLASS FILTERS 
ALTHOUGH at the present time collodion membrane filters have super- 
seded others in the study of viruses, so much pioneer work has been 
done with the earthenware types that we feel a general account of 
their characteristics not to be out of place. 
Types of Filter 
The following different types of filter have been used in the study of 
virus diseases: 
(a) diatomaceous earth or kieselguhr, 
(b) unglazed porcelain, 
(e) asbestos, 
(d) and glass ; their individual characters will now be described. 
(a) Diatomaceous Earth Filters. 
The Berkefeld. This type is made in Germany and is supplied in three 
grades according to the degree of permeability to water: these are the 
coarse 'Viel', medium `Normal', and fine 'Wenig' filters, called the V, N, 
and W grades respectively. The V grade is the most commonly employed 
of the three, and should retain B. prodigiosus at a low pressure, such as 
100 -200 mm. of mercury, but if the pressure is raised above this limit, 
then not only B. prodigiosus but also B. infiuenzae will pass through 
(see Dible, 1932). The N type prevents the passage of bacteria, and 
the W grade retains the larger filterable viruses but allows the smaller 
forms to go through. 
The physical characters of the Berkefeld candle have been investigated 
in detail by Kramer (1927) and Mudd (1922) and their findings will be 
mentioned later. 
The Mandler. This American modification of the German Berkefeld 
filter is manufactured from kieselguhr, asbestos, and plaster of Paris, and 
is supplied in three sizes which are graduated according to the results of 
an air -pressure test after immersion in water. The `preliminary' size 
resists a pressure of 2 to 5 lb. per square inch, the `regular' 6 to 9 lb., 
and the `fine' 10 to 16 lb. per square inch. In construction, the Mandler 
filter is more robust than the Berkefeld variety but has not been extensively 
used in the study of viruses. 
The British Berkefeld filter is constructed differently from the above, 
is very fragile, and is made only in one grade which, according to our 
own observations, appears to possess about the same degree of porosity as 
the German Berkefeld V candle. Like the latter, the lower earthenware end 
of the bougie is cemented to a metal tube, and at this point fractures and 
leaks are prone to develop if the filter is roughly handled during cleaning. 
(b) Porcelain Filters. 
The Pasteur -Chamberland type is made in France and has been exten- 
sively used in virus research. It is constructed of unglazed porcelain 
consisting of a composition of kaolin and sand, and since the entire 
candle is made in a single piece free from joints, it possesses a mechanical 
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advantage over the Berkefeld type: The Pasteur -Chamberland filter also 
possesses the added virtue of being easily cleaned by heating the candle 
to a high temperature in an electric furnace. 
Nine different grades of these filters are available, namely the L1, L1 
bis, L2, L3, L5, L7, L9, L11, and L13 sizes. The L1 is the coarsest filter 
of the range and the makers state that it is only intended for clarifying 
purposes, whereas the L1 bis and L2 candles retain the larger bacteria but 
allow the smaller micro -organisms such as, for example, the organism 
of bovine pleuropneumonia to pass through. An excellent summary of 
the general characters of the Pasteur -Chamberland range of filters is 
given by Dible (1932). 
Galloway and Elford (1931), working with foot -and -mouth disease virus, 
adversely criticized the value of the Pasteur- Chamberland filters and 
stated that they found them to be extremely unreliable. 
(c) Asbestos Filters. 
The Seitz. Several sizes are made, the smallest of which is the most 
convenient for virus work, and consists of an asbestos disk clamped (at 
its circumference) between two metal- surfaces. After each experiment, 
the disk is discarded and replaced by a fresh one (which can be sterilized 
by autoclaving). Two grades are supplied, namely the K (coarse) grade, 
intended for clarification, and the E K (fine) for retaining large bacteria 
and even small organisms such as B. prodigiosos or Br. melitensis, provided 
that the pressure is not raised above 100 mm. of mercury. We have 
used the E K grade and found that the viruses of vaccinia, ectromelia, 
Shope's rabbit fibroma, infectious myxomatosis of rabbits, and bacterio- 
phage readily pass through. The permeability of the Seitz filter can be 
decreased by inserting two disks into the metal mantle ; this should be 
done if at any time difficulty is experienced in withholding bacteria. 
(d) Glass Filters. 
The frittered glass variety is constructed entirely of glass and possesses 
certain advantages, but such filters have not been widely used for virus 
work owing to the ease with which they become clogged. A wide range óf 
average pore sizes is available and the coarsest grade, which is only used 
as a clarifying filter for removing large tissue particles before attempting to 
pass the fluid through a finer filter, is perhaps the most useful of the whole 
range. The efficacy of the filter for clarifying may be enhanced by spreading 
a layer of asbestos pulp (made by shredding a Seitz disk and soaking it in 
saline) over the glass filter -bed surface before adding the material. 
The finer grades of frittered glass filters are made in a great range of pore 
sizes and any dimension varying from 250 µ to 0.15 µ can be constructed 
tó order. The manufacturers1 supply data with each filter, stating the 
diameter of the largest pore; the average pore, and the filtration speed in 
c.c. of water per minute. We have tried one model possessing an average 
pore diameter of 0.667 µ, the largest pore being 0.91 µ, and with a filtration 
speed of 50 c.c. of water in 30 minutes, 1 second, for studies on myxoma 
virus and found it satisfactory. The only disadvantage we have experi- 
enced with these filters is that the glass pores soon become clogged unless 
the material is well diluted before attempting to filter. 
The Cleaning of Filter Candles 
New candlès should be thoroughly washed in a stream of running 
water, placed in 1 :1000 hydrochloric acid for some hours, then rewashed 
1 Schott & Gen, Jena, Germany. 
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before use ; candles containing infective material can be disinfected by im- 
mersing them for 2 hours in a 2 per cent. phenol solution. 
The Berkefeld type should be cleaned, immediately after use, by forcing 
a current of water in the reverse direction through the filter pores. After 
washing away most of the large particles which clog the pores of the 
candle, it should be immersed in a bowl of water containing a 2 per cent. 
solution of `liquor trypsini co.' (B.P.) and left for 24 hours, preferably in 
an incubator at 37° C. The candle should next be thoroughly washed, 
scrubbed with a brush, tested for patency, dried, wrapped up in Kraft 
brown paper, and resterilized by autoclaving at 115° C. at 30 lb. per sq. in. 
for 1 hour. 
The Pasteur -Chamberland variety can be cleaned in the same manner, 
or by placing the candles in a cold electric furnace and gradually heating 
them to white -heat. After half an hour's heating the current is switched 
off and the candles allowed to cool slowly. 
Frittered glass type. Before using a new filter, it should be cleaned by 
drawing water through its pores followed by hot hydrochloric acid and 
water again, to remove organic matter. The filters are sterilized by first 
moistening them and then placing them in a cold Koch steamer which 
should be gradually heated, and after one hour's exposure at 100° C. the 
steamer should be allowed to cool before removing the filter. After use, 
the filters can be cleaned by immersing them in hot sulphuric acid to 
which has been added a mixture of sodium nitrate and sodium perchlorate 
for a period of 24 hours. Sulphuric acid and sodium bichromate are not 
recommended for cleaning as they tend to affect the electrical charge of the 
glass pores (see Laug, 1934). 
Some Theoretical Considerations concerning the Process of 
Filtration through Earthenware Candles 
A variety of different factors determine the ability or inability of a 
particle of fixed size to traverse the pores of an earthenware filter, for 
example : 
1. The amount of positive or negative pressure applied. 
2. The length of time for which it is exerted. 
3. The viscosity of the material filtered. 
4. The pH of the fluid in which the tissue is suspended. 
5. The number of infective elementary bodies in the suspension. 
6. The average diameter of the elementary bodies or other infective 
particles present. 
7. The electrical charge of the filter and of the material to be filtered. 
8. The average pore diameter of the filter. 
In view of the many factors involved, consideration must be paid to 
each of these before any virus can be definitely asserted to 'be filterable. 
Special care must also be taken to ensure that the filter candle is free from 
structural defects such as cracks or flaws. 
The Pasteur - Chamberland jointless type of bougie filter is probably the 
most satisfactory of the earthenware varieties, but it unfortunately suffers 
from certain serious disadvantages. For example, when filtering feebly 
infective emulsions through such a candle, much of the infective material 
(elementary bodies) becomes adsorbed and retained in the pores of the 
candle. Thus the filtrate may be inactive, even though the average pore 
diameter of the filter may be many times greater than the size of the virus. 
These remarks are applicable to the Berkefeld candle and, perhaps to a 
lesser extent, the Seitz asbestos disk. 
32 THE USE OF EARTHENWARE, PORCELAIN 
The adsorptive action of earthenware filter candles on viruses can be 
demonstrated by the following experiment : Prepare a series of five decimal 
dilutions of desiccated rabbit's testis, infected with vaccinia virus, in 
saline, ranging. from 1:1,000 to 1:10,000,000, and inoculate 0-2 c.c. of each 
dilution into the shaved skin of a rabbit. Make up about 25 c.c. of a 
1:100 dilution of the same tissue, pass it through a Berkefeld V filter ; 
prepare a second series of decimal dilutions of the filtrate, ranging from 
1:1,000 to 1:10,000,000, and inoculate 0.2 c.c. of each as previously into 
the skin of the rabbit, alongside the first series. Examine the animal daily 
and note the sequence in which vaccinial papules develop, and by corn- 
paring the skin reactions produced by each set of dilutions the lòss of 
infectivity of the filtrate due to adsorption will become evident. Much 
will depend on the individual factors prevailing at the time of performing 
the experiment, but on one occasion we observed that, whereas 0.2 c.c. of 
a 1:1,000,000 dilution of (unfiltered) virus emulsion produced a reaction, 
the same suspension after filtration only reacted up to 1:100 dilution. In 
another experiment on Shope's rabbit fibroma virus, the filtrate proved 
to be completely inactive, although the elementary bodies are no larger 
than those of vaccinia virus. On the other hand, we have observed that 
ectromelia virus, which is the same size as vaccinia virus (Elford, 1933), 
traverses the Berkefeld filter with far greater ease. The question thus 
arises as to what are these . differences attributable, and in discussing this 
problem, Galloway and Elford (1931) have suggested that the activity of 
a filtrate is governed by the relative number of elementary bodies present 
in the tissue emulsion before filtration. Thus the greater the number 
of elementary bodies in the suspension, the more infective the filtrate 
will be. 
It is also probable that a second factor may be the virulence or patho- 
genicity of the individual virus particles for the species of animal in- 
oculated. For example, the British domestic rabbit is highly susceptible to 
infection with rabbit myxoma virus, less susceptible to vaccinial infection, 
and comparatively resistant to Shope's fibroma virus, so that if a rabbit 
were to be inoculated with a filtrate of one of these agents then the result 
would depend on the number of elementary bodies in the filtrate. To 
quote a hypothetical instance, the minimum. infective dose of Shope's 
fibroma virus may be 50 elementary bodies, that of vaccinia 10, whereas 
only 1 elementary body of myxoma virus may suffice to infect a rabbit. 
The inactive filtrates obtained on passing Shope's fibroma virus through 
an earthenware candle may, therefore, have been due partly to loss of 
elementary bodies during filtration, and partly to the natural resistance 
of the British domestic rabbit to infection with this virus. Before it is 
possible, then, to assess the results and relative significance of filtration 
experiments with earthenware filters, it is necessary to consider the 
susceptibility of the test animal to infection, in addition to taking into 
account the other factors enumerated. 
The Berkefeld filter is made of diatomaceous earth or a compound of 
silicic acid and carries an electro- negative charge. Mudd (1922) has shown 
that the pores of the Berkefeld candle are the site of an electrical potential 
difference consisting of a Helmholtz double layer, in which the wall of 
the filter is negatively charged and the liquid within positively charged. 
When suspensions of tissue are passed through the pores of such a candle, 
positively charged particles contained in the material become adsorbed 
and retained by the filter. Consequently all filters constructed of siliceous 
material, sand, porcelain, powdered glass, colloidal silica, or diatomaceous 
earth will adsorb basic dyes but allow acid dyes to pass through. 
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Thus Victoria blue, which is a basic dye, will not pass the Berkefeld 
candle, but congo red, which is an acid dye, will do so (Kramer, 1927). 
If, however, the filter candle is constructed of calcium carbonate and 
magnesium oxide, or plaster of Paris possessing a positive charge, 
then Victoria blue will traverse it, whereas congo red will not do so. 
Should, however, the congo red be diluted and made acid (following 
which it turns blue); then it will pass the plaster of Paris filter but not 
the Berkefeld variety. Thus by reversing the electrical charge, Kramer 
succeeded in reversing the . filterability of a dye. It was also found that 
if a filter was constructed of both plaster of Paris and diatomaceous 
earth, it acquired a neutral charge and permitted both positively and 
negatively charged dyes to pass its walls. The behaviour of dyes when 
subjected to filtration through earthenware candles is similar to that 
exhibited by positively or negatively charged colloids and viruses, and 
thus Kramer (1927) found that a Staphylococcus bacteriophage would 
pass through a Berkefeld filter but not through one constructed of plaster 
of Paris ; the same applies to vaccinia, rabies, and tobacco mosaic viruses 
which are negatively charged. Likewise, diphtheria toxin behaves in a 
similar manner, but tetanus toxin, which is electro- positively charged, 
is adsorbed by the negatively charged Berkefeld filter, although each 
filter only adsorbs a small quantity of toxin. Apart from the influence 
exerted by the charge of the filter candle over the transit of a small 
particle through its pores, another factor which plays an important role 
is the reaction of the fluid in which the virus is suspended. Many inter- 
esting observations have been reported on this subject, and it has been 
shown that substances which are normally retained by a filter can be 
made to pass through it by preliminary treatment of the candle with oil, 
egg white, peptone, or heated serum (see Muir and Browning, 1908 -9 ; 
Holderer, 1912). For example, according to Grinnell (1929), Victoria blue 
B which normally does not pass the Berkefeld filter can be induced to go 
through it if the dye is suspended in hormone broth. Results analogous 
to the behaviour of dyes and other substances have been reported in con- 
nexion with viruses. For example, Ward (1929) has shown that the most 
active filtrates of vaccinia virus . were obtained after emulsifying the 
vaccinial pulp in hormone broth of pH 7.6, and Ward and Tang (1929) 
demonstrated that vaccinia and herpes `encephalitis' virus were more 
easily filterable when emulsified in hormone broth than in normal saline. 
Bronfenbrenner (1927) discovered that, if particles carrying a bacterio- 
phage were deposited on a Berkefeld filter, the phage could be washed 
through the candle with broth, but not with water. 
Sawyer and Frobisher (1929) reported that yellow fever virus was able 
to pass through the Berkefeld N candle when suspended in broth, but not 
if the infected tissues were emulsified in physiological saline. Foot -and- 
mouth virus has also been shown to have an optimum filtration range 
lying between pH 6.4 and 8.75 (see Galloway and Elford, 1931). 
These findings suggest that suspensions for filtration should be prepared 
in broth and made alkaline before attempting to .filter them through 
earthenware candles. The opposite opinion to this has been expressed by 
Green and Eagles (1931), who filtered large quantities of vaccinia virus 
through Berkefeld V, N, and British Berkefeld filters, and found that the 
hormone broth was not superior to distilled water as a diluent. They 
also maintained that the pH of the virus material did not seem to be 
important within the range pH 6.4 to 8.4. Furthermore, the lining of 
filters with egg white did not, in their opinion, enhance filterability of 
the virus. 
D 
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Practical Considerations 
Owing to the loss of virus resulting from adsorption during filtration 
through earthenware candles, the material to be filtered should possess 
an initial high degree of infectivity. At the same time, the concentration 
of tissue protein should be low and any large tissue particles in the sus- 
pension, liable to clog the pores of the filter, should be eliminated by pre- 
liminary centrifugation at 3,000 r.p.m. for half an hour, followed by 
filtration through coarse asbestos pulp similar to that employed by Laidlaw 
et al. (see p. 77) in their studies on influenza virus. These workers freed 
emulsions of lung tissue from excess organic matter by first passing the 
extracts through sterile asbestos pulp spread over the surface of a coarse - 
grade frittered glass filter, after which the material was diluted in saline 
and filtered through a collodion membrane. When using Elford's mem- 
branes, only a very low pressure, e.g. from 20 to 50 cm. of mercury, is 
required for filtration ; with earthenware or Seitz filters a higher pressure 
is demanded, and this may be applied as positive on the surface 
of the tissue extract, or by creating a partial vacuum inside the filter 
-flask. The latter is more often used and the `negative pressure ' applied 
should be as low as possible, free from fluctuation, and never exceed 
30 çm. of mercury if possible. The time occupied in filtration, the volume 
filtered, the temperature of the room, and the prevailing atmospheric 
pressure should be recorded among the other experimental data. 
Having removed the filtrate, at the conclusion of the experiment, the 
filter candle should be tested for flaws and structural defects. This is 
done by making a dilute suspension of B. prodigiosus (a loopful of a 24- 
hours' culture of the organism in 20 c.c. of saline solution) and adding it 
to the mantle. According to Grinnell (1929), an old culture of B. prodigiosus 
should be employed as a young culture sometimes fails to pass through 
a filter which is permeable to an older growth. The bacillary suspension 
is next filtered under the same conditions as the virus material, and after 
about 20 c.c. have passed through, the filtrate is tested for the presence of 
bacteria by adding 2 c.c. amounts to 6 tubes containing glucose broth 
which are incubated at 37° C. for a week ;.2 c.c. should also be inoculated 
into Robertson's bullock heart medium (see Mackie and McCartney, 1938) 
and incubated at 37° C. for 3 weeks for evidence of anaerobic organisms. 
If growth is absent, the candle may be assumed to be free from defects. 
It is sometimes the practice to filter the virus suspension and B. prodi- 
giosus simultaneously and this procedure can be adopted if desired ; 
when filtering feebly infective material, it is advisable to avoid this method, 
since Levaditi and Nicolau (1923) have demonstrated that rabies, vaccinia 
and herpes viruses can be wholly adsorbed by larger bodies such as car- 
bon particles. . 
The Interpretation of Results 
If the filter candle retains B. prodigiosus and the filtrate proves patho- 
genic to a susceptible animal, the result may be regarded as evidence in 
favour of the filterable nature of the infective agent. The experiment 
should, however, be repeated, using another filter of the same type, and 
if similar results are obtained the virus may be concluded to be filterable. 
It is also advantageous to ascertain which filters the virus fails to pass, 
and accordingly candles of different porosity should be tested. 
If the filtrate proves to be non -pathogenic on animal inoculation, the 
test must be repeated several times before abandoning the experiments, 
and the pressure should be increased as much as possible, short of allow- 
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ing the control organism (B. prodigiosus) to pass through the candle. 
The infectivity of the filtrate can be concentrated either by spinning 
it in a high speed centrifuge at 15,000 r.p.m. for one hour, or by diminish- 
ing the bulk of the fluid by evaporation from the frozen state. 
Should all these measures fail to yield an infective filtrate, then one of 
two alternatives is possible: either (a) the infective agent is too large or else 
(b) it has been completely adsorbed by the pores of the filter. 
In conclusion, it may be stated that when employing earthenware, 
porcelain, and similar types of filter, a positive result is of value provided 
that the filter has been proved to be efficient, but in the case of a 
negative result being obtained, it does not necessarily imply that the 
agent is not filterable, since adsorption effects produced by these filters 
are sometimes so powerful that certain viruses, e.g. trachoma, have the 
greatest difficulty in traversing them. 
The introduction of Elford's collodion membrane filters has helped to 
overcome many of the difficulties referred to in the previous pages, and in 
recent years their value in the field of virus research has been accorded 
universal recognition. The collodion membrane filter occupies a class by 
itself, and is eminently suitable for the filtration of viruses, because, owing 
to its thinness, there is little loss of infectivity resulting from adsorption 
of virus in its pores, and the comparative rapidity with which filtration 
is accomplished renders clogging of its pores less liable to occur in com- 
parison with earthenware candles. Furthermore, collodion membranes 
can be accurately graded in porosity according to their average pore 
diameter, so that the size of the virus can be measured from the filtra- 
tion data. The properties of these filters will be discussed in the follow- 
ing chapter.' 
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CHAPTER IV 
ELFORD'S COLLODION MEMBRANE FILTERS 
THE introduction of these filters has greatly advanced the state of our 
knowledge concerning the relative size of different filterable viruses, since 
they have, to a large extent, overcome the undesirable adsorptive effects 
associated with earthenware filters. The basic principle underlying their 
construction depends on utilization of the antagonistic action of amyl 
alcohol and acetone, which affects the raté of aggregation of nitro- cellulose 
particles during evaporation whilst the membrane is in process of forma- 
tion. Thus, whereas individually amyl alcohol and acetone are solvents 
of nitro- cellulose, when present together they tend to coagulate the nitro- 
cellulose, and the alcohol and ether present maintain this gelling tendency. 
Elford's ultra- filters have been evolved from a series of systematic studies 
on the physical properties of collodion films, during which it was discovered 
that collodion films exhibited one of two different types of structure. 
Either the membrane showed a coarse microgel appearance, consisting 
of a microscopically visible structure, or alternatively a finer ultragel com- 
position which could only be seen to be particulate matter when viewed 
under the high power magnification of an ultra -violet light microscope. 
Acetic acid and collodion membranes tended to show both the microgel 
and ultragel construction and were consequently unsuitable for filtration 
experiments in view of their excessive variability in pore size. Alcohol - 
ether membranes, on the contrary, consisted,of the fine ultragel formation, 
and being of greater uniformity in average pore size, proved more suitable 
as membranes for the filtration of viruses. Elford also investigated the 
conditions governing the formation of ultragel structure and found that 
the ultragel structure was consequent upon spontaneous gelation of the 
collodion prior to the washing process in water, which served to fix the 
already potentially existing structure. From this information, Elford was 
able to increase the state of aggregation in nitro -cellulose, whilst the 
system still retained its gelling properties. This was accomplished by 
incorporating non -volatile coagulants with the solvents in the collodion, 
so that, as the solvents evaporated and coagulation commenced, the 
nitro - cellulose became more aggregated. Thus, the individual particle 
size of the units composing the ultragel tended to become larger, and 
synchronously the interstices of the membrane became enlarged, thereby 
increasing the permeability of the filter. A number of non -solvents were 
tested in order to find the most suitable one for increasing the perme- 
ability of the collodion membranes, and water was found to be the best, 
yielding membranes of good tensile strength. The greater the quantity 
of water added, the moré permeable became the filter, until finally a 
maximum volume of 5 per cent. of water produced complete coagulation 
of the nitro -cellulose, yielding comparatively large pores that were only 
capable of arresting B. prodigiosus. Decrease in the permeability of 
the membrane was, on the other hand, produced by the addition of, 
quantities of ethyl alcohol, methyl alcohol (synthetic), or acetic 
acid. Thus, by incorporation of solvents or non -solvents in the collodion 
system, a series of membranes was produced possessing a range of 
average pore diameters (A.P.D.) varying from A.P.D. 3 µ to A.P.D. 10 mµ. 
Such values of A.P.D. were obtained from observation of the rates of 
water -flow (R.F.W.) through the membranes and determination of the 
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specific water content (S.W.C.) of each particular grade of. membrane 
(Elford and Ferry,. 1935). The measurements of R.F.W. were carried 
out by placing a section of membrane between the two limbs of a specially 
designed U -tube apparatus. In earlier experiments (Elford, 1931) the 
maximum pore size (M.P.S.) was determined from measurement of the 
critical air- pressure (C.A.P.). 
Notes on the Preparation of Membranes 
Workers desirous of making their own membranes are advised to con- 
sult Elford's original publications on the subject before attempting to 
do so (see Elford, 1929, 1931, 1933 ; Elford, Grabar, and Ferry, 1935), 
as well as the work of Asheshov (1933) and Bechhold (1907, 1908, 1908 a). 
The following notes indicate the general principles on which they are 
prepared. 
Apparatus. 
The collodion is poured into a glass cell of special dimensions where it 
is allowed to evaporate. The cell may be either of the 20 or 40 cm. size. 
Each cell is constructed of two thick squares of polished plate glass that 
have been cemented together with egg white, and the upper of these has 
a circular hole, 20 (or 40) cm. in diameter and 1 cm. deep, bored into it. 
The glass cell should be placed perfectly horizontal, and its position 
should be verified with a spirit -level gauge. All apparatus and solutions 
should attain a uniform temperature before use, and should remain for 
1 hour at 22.5° C. prior thereto. Points requiring care are that the volume 
of the collodion solution should be accurately measured (75 c.c. collodion 
for a 20 cm. diameter cell), gently poured, and the period of evaporation 
accurately timed (75 minutes). The degree of humidity of the atmo- 
sphere should also be controlled. 
Reagents. 
Nitro - cellulose -Necol collodion No. 365A/91 has been principally em- 
ployed. 
As solvents ethyl alcohol, methyl alcohol, ether, glacial acetic acid, 
acetone; and amyl alcohol are required. These should be chemically 
pure, according to Elford, Grabar, and Ferry (1935), but Bauer and 
Hughes (1935) state that reagents of analytical grade are satisfactory 
without the additional purification recommended by Elford (1931). 
With regard to solutions, amyl alcohol and acetic acid are added by 
volume and the remainder should be prepared on a gravimetric basis. 
They should be thoroughly mixed by placing them in a mechanical shaker 
for 4 hours at laboratory temperature before being used. Every procedure 
should be uniform and constant throughout and only small quantities of 
material made up at a time. 
Nomenclature. 
Elford has introduced a notation in order to describe the composition 
of the different collodion systems employed. Thus, Na /40 (x: y)' means 
Necol collodion containing `a' c.c. of amyl alcohol per 40 gm. of Necol 
(stock), diluted by the addition of `x /10' of its own weight of alcohol and 
`y/10' of ether. Any further modification of such a system is denoted as 
a volume addition per 100 gm. Therefore;' Na /40 (x:y)+1 per cent. 
acetic acid means that 1 per cent. of the acid has been added per 100 gm. 
of the denoted system. 
1 A standard ether- alcohol collodion of Nobel Chemical Finishes, Ltd., Slough. 
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The following data indicate the properties of membranes prepared 
from Na /40 (1 : 9) systems consisting of `a' c.c. of amyl alcohol added to 
40 gm. of Necol solution, then diluted with its own weight of a mixture 
of alcohol and ether in the rates of 1:9 parts by weight. 
Conditions. 
These are indicated below (Elford, 1931). 
System R.F.W. A.P.S. C.A.P. 
Membrane 
thickness Remarks 
is. lb. /sq. in. mm. 
N10 /40 (1:9) 11.5 0.80 30 0.31 
+0.5% 1120 13.0 0.87 28 0.31 
+1.0% 17.2 1.0 22 0.32 Conditions: 
,, +2.0% 78.0 215 12 0.32 Vol. collodion . 75 c.c. 
+0.5% 11Ac 1.2 0.26 175 0.33 Cell diameter . 20 cm. 
+1.0% 0.17 0.10 >200 0.35 Temperature 22.5° C. 
+1.5% 0.065 0.06 >200 0.36 Evaporation period 75 mins. 
+5% Me011 0.75 0.20 180 0.34 
+10% 0.23 0.114 >200 0.40 
;, +20% 0.13 0.088 >200 0.45 
From the above it will be observed that a series of membranes ranging 
from A.P.S. (or A.P.D.) 2.15 µ to 0.06 µ are obtainable. 
Summary of Procedure. 
N10 /40 (1 :9) parent collodion under the conditions stated yields a 
membrane ranging from an A.P.D. of 0.65 µ to 0.85 µ. To increase per- 
meability, small amounts of water in quantities of 0.25 per cent. are 
added so that a maximum A.P.D. of 2 µ is reached when 2 per cent. of 
water has been added. 
To decrease the permeability of the membrane, acetic acid is added and 
the concentration is increased by 0.5 per cent. each time so that when 
a total of 2 per cent. acetic acid is reached a membrane of A.P.D. 10 mµ 
results. The intermediate pore sizes are obtained by varying the evapora- 
tion period, and in this way a graded series of membranes ranging in 
A.P.D. from 3 µ to 10 mµ can be prepared. 
Washing of Membranes. 
This is done in sterile distilled water which is changed thrice daily for 
a period of 14 days. Alternatively, they may be . washed for 4 days in 
distilled water, 2 days in freshly boiled 20 per cent. alcohol, and a further 
4 days in distilled water. 
Sterilization and Storage. 
Membranes can be sterilized either by placing them in cold distilled 
water, followed by boiling for 1 to 3 hours, or, alternatively, by carrying 
out some of the later processes of preparation in an ultra -violet light 
chamber, after which they can be stored in sterile distilled water. 
Determination of A.P.D. 
Before use, the pore size of each new batch of membranes should be 
measured by ascertaining the rate of water -flow pressure (R.F.W.) and 
the specific water content (S.W.C.) of each particular . grade of membrane. 
The following quotation from Elford's (1931) publication describes the 
method employed for measuring the rate of water -flow: 
Rate of Flow of Water (R.F.W.). 
The time taken for a known volume of distilled water to flow through a membrane 
of known area and thickness is measured under standard conditions of temperature 
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and pressure. From the data then known it is possible to calculate the rate of flow of 
water through the particular membrane under certain arbitrarily fixed conditions. 
By definition 
( 0.1 mm. membrane thickness. 
R.F.W. = c.c. /sq. cm. /min. for { 100 cm. water pressure. 
. 20° C. temperature. 
Formula for calculation: 
R.F.W. = Vt60 x 1000 m2TP , where V = vol. water in c.c. t = membrane thickness in mm. 
r = membrane radius in cm. 
T = time of flow of vol. Vin sec. 
P water pressure producing flow in cm. 
= K where K is constant for standard conditions of measurement.' 







Fio. 13. Shows construction of simple cell employed by 
Elford (1931) for estimating rate of water -flow. It can be 
conveniently made by using two glass bottle necks suitably 
ground with carborundum. (Reproduced from Elford, 1931.) 
For details regarding the estimation of S.W.C. see Elford and Ferry 
(1935), also Asheshov (1933). 
Alternative Method 
Elford's work has been successfully repeated by Bauer and Hughes 
(1935), working in America, who used a collodion product labelled Col- 
lodion X660 -181 These workers also prepared stock collodion solution, 
using Du Pont's nitro- cellulose parlodion sheets, the exact composition of 
which was as follows: 
Parlodion shreds, 150 gm. ; absolute alcohol, 250 gm. ; anhydrous 
ether, 750 gm. ; acetone, 1,150 gm. ; and primary amyl alcohol, 575 c.c. 
Before use, parlodion sheets were well washed six times in distilled 
water, twice in 95 per cent. alcohol, and twice in absolute alcohol, then 
I Manufactured by Du Pont De Nemours of Parlin, New Jersey. 
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were used without drying: After the final washing, 250 gm. (316 c.c.) of 
absolute , alcohol, which was freshly prepared by drying 95 per cent. 
alcohol over lime and distilling, was added to the parlodion shreds 
which were allowed to swell overnight. On the following day, 750 gm. 
(1,043 c.c.) of anhydrous ether was added and the mixture shaken at 
intervals until the parlodion was dissolved. The solution was diluted with 
its own weight of acetone (1,453 c.c.) and agitated in a mechanical 
shaker for 2 hours. Primary amyl alcohol was then added in the pro- 
portions of 10 c.c. to each 40 gm. of the mixture and the solution again 
shaken for 2 hours. Finally, the stock preparation was allowed to stand 
for 2 to 3 weeks before being used. Bauer and Hughes stated that mem- 
branes manufactured with such parent collodion gave satisfactory results, 
and they also drew attention to the fact that the percentage of acetone 
and amyl alcohol used by them was not the same as that recommended 
by Elford (1931). 
To prepare membranes: the stock solution of collodion was diluted with 
an equal volume of a diluting mixture consisting of 1 part by weight of 
absolute alcohol and 9 parts of anhydrous ether. This diluted solution 
was measured in 200 c.c. amounts into a series of 6 -ounce bottles fitted 
with screw caps lined with tin -foil. 
Membranes made from such a solution possessed an A.P.D. of 0.6 to 
0.8 µ, depending on the humidity and temperature at which evaporation 
of the solvents occurred. To make more permeable membranes, 2 c.c. of 
water was added to 200 c.c. of the diluted collodion and this yielded 
membranes of an A.P.D. 1.0 to F2 µ. For preparing membranes below 
0.5 µ in A.P.D., glacial acetic acid of analytical quality was added, varying 
from 0.2 to 3.6: c.c. per 200_ c.c. of diluted collodion solution. So many 
individual factors tended to affect the porosity of the membrane that 
Bauer and Hughes stated that no definite standards could be laid down, 
but in general they found that the addition of 1 c.c. of glacial acetic 
acid to 200 c.c. of collodion solution reduced the A.P.D. to 200mµ, 2 c.c. 
reduced it to 100 mµ, and the addition of 3 c,c. reduced the A.P.D. still 
further to 15mµ. 
Further details were as follows: After addition of the acetic acid or 
water to the collodion, the mixture was shaken for 2 hours, the solution 
carefully poured into the cell, the contents of one bottle, (200 c.c.) being 
used for a 40 cm. diameter cell. The optimum evaporation time was 
found to be 75 minutes, the temperature during evaporation 22° to 24° C., 
and the relative humidity from 60 to 65 per cent. After evaporation, to 
remove the membrane, the cell was immersed in water and, without 
exerting manual traction, the membrane permitted to free itself. The 
membranes, which were separated from each other by filter paper, 
were then washed in distilled water for 2 to 3 weeks and placed in a flat 
photographic developing tray. Disks were cut from the membranes and 
stored in distilled water in air -tight jars : they were calibrated before use 
according to the method recommended by Elford (1931). 
Types of Filter Suitable and Pressure Applied 
In a personal communication, Dr. Elford has informed us that two 
varieties of instrument are made, the one for positive and the other for 
negative pressure. Two sizes of each type are available, the larger holding 
30 c.c., taking a 4 cm. membrane, and the smaller which has a capacity of 
10 c.c. and is fitted with a 3 cm. membrane. Either positive or negative 
pressure can be used, but when preparing stock filtrates of small amounts 
less than 20 c.c., or when employing relatively `tight membranes', it is 
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usually more convenient to apply positive . force. Thus to prepare a 
bacteria -free filtrate of a pathological fluid (well -diluted and clarified), 
a membrane of A.P.D. 700 to 750 mµ should be used, with either a positive 
or a negative pressure of 25 cm. of mercury. 
The Interpretation of the Results of Ultra- filtration 
Like other forms of filter, the same factors govern the passage of 
particles through collodion membranes, but by virtue of their thinness 
and uniformity of porosity, many of the inherent disadvantages of earthen- 
ware filters have been eliminated. The properties of these membranes 
have been investigated with meticulous care by Elford (1933) who has 
inquired into the slight effects due to adsorption, variations in the thick- 
ness of individual membranes, and the influence of different pressures. 
After consideration of the mode by which each of these individual factors 
operate, Elford (1933) has been able to define the optimum conditions 
for filtration. For example, a 48- hours' old agar culture of B. prodigiosus 
suspended in broth at pH 7.6 was retained by all membranes of pore 
size less than 0.75 µ and, consequently, the average pore size of the 
limiting membrane furnished a good indication as to the size of the 
organism. It should be noted, however, that B. prodigiosus microscopi- 
cally varies in size from 0.5 µ to 1.0 µ, so that even those forms which are 
0.5 µ fail to pass through a membrane whose average pore size is 0.75 µ. 
The same effect was demonstrated in the case of the organism of pleuro- 
pneumonia, a 3 -days' old serum broth culture at 37° C. containing parti- 
culate spherical bodies of 0.2 p. to 0.5 µ in size, together with invisible 
phases below this limit. By filtering the culture through membranes of 
graded porosity, it was shown that the larger visible spheres failed to pass 
membranes below 0.35 µ A.P.D., whereas the smaller forms did. A mem- 
brane of 0.35 p. therefore retained particles of 0.2 to O.25'µ in size. 
It was also pointed out that the concentration of bacteria in the initial 
bacillary suspension largely determined the number of them which entered 
the filtrate ; an analogous observation was made in the case of foot -and- 
mouth disease virus by Galloway and Elford (1931). As filtration pro- 
ceeds the pores of the membrane tend to become progressively clogged, 
until finally an end -point is reached at which the forces of adsorption 
and cohesion exert an abnormal effect and slow the rate of filtration. 
The filtration end -point may thus be experimentally ascertained and 
plotted graphically. 
The results obtained with Elford's (1933) membranes showed that the first 
falling off in maximum filtrate concentration usually occurs at a pore size 
value varying from two to three times the absolute limiting value for non- 
filterability. Fig. 14 shows a graph indicating the filtration characteristics 
of B. prodigiosus and vaccinia virus when compared together. 
The sizes of viruses as determined by ultra -filtration are in close agreement 
with those ascertained by ultra-violet light photomicrography. For example, 
ectromelia virus was estimated to measure 0.1 to 0.15 µ by filtration and 
0.13 to 0.14 p. by micrometry, according to Barnard and Elford (1931). 
Likewise, Elford and Andrewes (1932) calculated that the elementary bodies 
of vaccinia measured 0.125 to 0.175 p. by filtration, and Barnard found 
them to be 0.17 to 0.18 p. by ultra -violet light photography. 
Estimation of Particle Size. 
From the results of filtration end -point tests obtained under the 
optimum experimental conditions, Table II indicates the probable size 
of the smallest particle just retained by a given membrane. 
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Table II 
Membrane 





(0.33 -0.5) d 
(0.5 -0.75) d 
(0.75 -1.0) d 
d = the average pore diameter of limiting membrane for optimum filtration 
conditions. 
(Additional details regarding the construction of collodion membranes 
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Fm. 14. This graph shows the behaviour of vaccinia virus 
and B. prodigiosus when subjected to ultra -filtration, and 
is reproduced from the work of Elford and Andrewes (1932). 
2.0 
(1933) has drawn attention to the fact that the number of particles 
(e.g. B. prodigiosus) present in a filtrate are dependent upon their concen- 
tration in the initial suspension, and Galloway and Elford (1931) have 
also referred to the same point in connexion with foot - and -mouth disease 
virus. This criticism of . the value of ultra -filtration as a method for 
measuring the size of viruses has also been brought forward by Levaditi et 
al. (1936), who drew attention to certain pitfalls in the use of ultra- filtra- 
tion methods. Working with lymphogranuloma inguinale virus, they ob- 
tained different sizes for the virus by employing tissue suspensions of 
varying degrees of pathogenicity. Thus, from filtering a feebly active 
tissue extract they calculated its size to be 600 to 800 mtc, but by using 
a more active suspension they found it to be 250 to 350 mµ, and by em- 
ploying a highly virulent preparation they estimated the size of the 
virus to measure 100 to 140 mµ. From these observations, it was con- 
cluded that the more actively pathogenic was the virus material, the 
smaller appeared to be its size. 
Levaditi et al. (1936) also stressed a second factor liable to influence 
the results, namely the susceptibility of the species of animal inoculated 
with the filtrate when the latter is tested for pathogenicity. For example, 
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when filtrates of lymphogranuloma inguinale tissue extracts were injected 
into a relatively insusceptible animal such as a mouse, they found that the 
virus appeared to measure 430 to 507 mµ ; but if a more susceptible 
animal such as a monkey was used then it was found that the virus 
measured 120 to 180 my. in size. 
Similar deductions were made earlier by Levaditi and Nicolau (1923) 
in connexion with the filtration of neurotropic viruses through collodion 
sacs. The French workers have accordingly concluded that the two 
factors mentioned have an important bearing on the problem and should 
be taken into account when measuring the size of viruses by ultra- filtration 
methods. 
These observations are of great interest and suggest that further work 
on this aspect of ultra- filtration studies is necessary. 
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CHAPTER V 
THE CENTRIFUGALISATION OF ELEMENTARY 
BODIES 
Ix principle, the act of centrifugalising elementary bodies is no different 
from that of spinning down bacteria in the ordinary way. A much higher 
speed is, however, usually demanded, for owing to the smaller -size of 
elementary bodies a greater force is required to deposit them. 
The researches of Ledingham (1931) demonstrated that the elementary 
bodies of fowl -pox (and vaccinia) could be deposited by centrifugalisation 
at 12,000 revolutions per minute (r.p.m.) for 1 hour, after which the 
supernatant fluid lost its infectivity and the deposited material consisted 
of innumerable elementary bodies. Suspensions of elementary bodies 
prepared in this manner were agglutinated by specific antisera, and thus 
their aetiological relationship to fowl -pox was proved beyond all doubt. 
Amies (1934) used the same technique for centrifugalising the elementary 
bodies of zoster and varicella ; these were obtained by diluting vesicle 
fluid in 0.86 per cent. saline containing 2 per cent. sodium citrate, centri- 
fugalising at low speed to throw down tissue cells, and thereafter spinning 
at 12,000 r.p.m. for 30 minutes to deposit the elementary bodies. Such 
an antigen consisting of a suspension of elementary bodies was used by 
Amies (1934) for agglutination tests with the sera of patients who had 
recovered from zoster and varicella infections- respectively. 
Both Ledingham and Amies used the bucket type of centrifuge, but 
other varieties of instrument have also been employed with equal success 
and some of these are referred to below. 
TYPES OF CENTRIFUGE 
The majority of workers have employed machines of the high -speed 
type, but Craigie (1932) has shown that they are not essential, since 
elementary bodies can be deposited at a comparatively low speed provided 
that the instrument is of the angle design. Moreover, Professor Tulloch 
has expressed the opinion (in a personal communication) that the sedi- 
mentation rate can be varied by adjusting the pH of the suspending 
fluid. 
Centrifuges in common use at the present time may be divided into 
four classes, namely: 
1. Those fitted with a bucket type of rotating head, driven by a high- 
speed electric motor such as in the Eccol machine, or by a slower speed 
motor operating via a geared pulley2 similar to the type employed by 
Ledingham (1931). 
2. The angle centrifuge. This is fitted with a slow -speed motor but is, 
nevertheless, capable of depositing elementary bodies by virtue of the 
fact that the construction of the head and the narrowness of the flat glass 
tube employed compensate for the loss of speed. 
3. The Sharpies centrifuge. This consists of a cylinder rotating vertically 
in its long axis at 16,000 r.p.m. into which material is introduced, and 
which is propelled by an electric motor fitted with a geared belt drive. 
4. Air - driven instruments. These are based on the principle devised by 
1 Collatz Ltd., Berlin. 2 Baskerville & Lindsay, Manchester. 
Centrifu ration of the Elementary Bodies of 
Infectious Lyxomatosis of the Rabbit. 
Analogous to bacteria, elementary bodies are 
particulate structures which may be removed from in- 
fective material by centrifugalization at high speed. 
With the use of an ultra- centrifuge at the Bacteriolo 
Department of the University of . dinburgh, it was 
shown possible to deposit the elementary bodies of 
;myxoma virus, thus demonstrating conclusively for the 
first time, the aetiological relationship of the eleme 
tary bodies of myxoma to the disease. 
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Henriot and Huguenard (1925), being propelled by a current of com- 
pressed air which strikes the slots of an air turbine that can be made to 
revolve at 60,000 r.p.m. 
1. Centrifuges fitted with the Bucket Type of Head and driven by a 
directly coupled or geared electric motor 
The Ecco centrifuge (bucket type). 
Both Elford (1936) and we ourselves (van Rooyen and Rhodes, 1937) 
have used such an instrument. This is fitted with a direct drive (d.c.) 
electric motor which revolves at 15,000 r.p.m. and carries four buckets 
which accommodate hard glass tubes holding 5 c.c. each. The rotating 
head is enclosed inside a metal bowl, so as to eliminate air resistance 
during running, and the interior of the metal casing is cooled by means of 
-a copper jacket through which cold water circulates. Elford (1936) states 
that the motor attains 4,000 r.p.m. in under a minute and 10,000 r.p.m. in 
just over a minute. It also slows down quickly and stops within a minute 
when turning at 4,000 r.p.m. and in one and a half minutes from 10,000 r.p.m. 
Measuring the speed of the centrifuge. 
By placing a revolution counter or tachometer on the end of the revolv- 
ing spindle and timing the results with a stop- watch, the speed of the 
instrument can be calculated. At a high speed such as 15,000 r.p.m. this 
method is probably not the best, for owing to unavoidable losses due 
to slip and other effects the results tend to be inaccurate. Elford (1936) 
has devised a clever optical contrivance for estimating accurately the 
speed of the motor, and his description of it is as follows: 
`A cylindrical tubular extension was attached to the screw cap which fitted the 
spindle of the centrifuge, projecting about 2 cm. above the top of the metal case. A 
hole was drilled through this tube at right angles to its axis. Light from a pointolite 
lamp was gathered by a lens and directed as a narrow beam through the hole in the 
centrifuge extension tube on to the . periphery of a toothed disk which could be 
rotated at a controlled speed. The teeth were viewed in a telescope set in alignment 
with the beam of light. Suppose the centrifuge was spinning at N r.p.m. ; then as the 
speed of the rotating disk is increased, the first stationary image seen in the telescope 
will occur when a tooth is just replaced in its position by the one following in the time 
interval between successive axial passages of the light through the hole in the centri- 
fuge extension. This condition is given by 2N = xS, where x = the number of teeth 
and S = the speed of the disk in r.p.m. The speed of the disk was regulated by means 
of a potentiometer resistance in series with a small universal motor and was measured 
by counting the revolutions with the aid of a speedometer and stop -watch. In order 
to embrace the complete range of speeds up to 15,000 r.p.m. two disks each having 
72 teeth were coupled by gears in the ratio 1:7.5. 
`This method enables the speed to be measured without affecting the centrifuge in 
any way, and is therefore to be preferred to the use of a tachometer.' 
2. Centrifuges fitted with the Angle Type of Head and driven by 
directly coupled slow - running electric motor 
The ordinary laboratory type of instrument (Bolaget) has been employed 
by Craigie (1932). The success of this machine depends on the fact that 
flat glass tubes are used, which possess an internal width of 4 to 5 mm., 
and consequently the elementary bodies have only to traverse a short 
distance before they strike the lateral wall of the tube which is placed at 
an angle of 28° from the vertical. With such a centrifuge a speed of 3,500 
r.p.m. for 60 minutes was found to be sufficient for depositing the Paschen 
bodies of vaccinia. 
An angle centrifuge fitted with a high -speed motor giving a speed of 
15,000 r.p.m. is also obtainable and better results may be expected with 
this instrument. 
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3. The Sharples Centrifuge 
The closed bowl technique (Schlesinger, 1936). 
This ingenious principle makes it possible to obtain a centrifugal force 
of 20,000 X gravity and provides a quick method of sedimenting viruses. 
To operate the instrument, the inner wall of the rotating cylinder is first 
coated with a thin layer of agar, which is allowed to solidify, and a small 
amount of virus suspension is placed inside the cylinder. The latter has 
an internal radius of 2 cm., is 20 cm. high, and revolves at 32,000 r.p.m. 
Thus when turning at high velocity, the fluid within becomes evenly 
distributed as a thin film over the surface of the agar, so that the virus 
particles have only a very short distance to traverse before they impinge 
upon and adhere to the surface of the agar. 
The interior of the bowl is coated with agar by first warming the cylinder, 
introducing melted agar into it, and allowing it to solidify whilst the 
cylinder is in motion. For particles less than 20 mµ in diameter 2 per cent. 
agar is used, and for viruses less than 60 mµ in diameter 1 per cent. agar. 
4. Air - driven Centrifuges 
McIntosh and Selbie's centrifuge. . 
McIntosh and Selbie (1937) have constructed a high -speed instrument, 
based on the design of the Henriot- Huguenard (1925) machine, which has 
no metal bearings and superficially resembles a large humming -top. 
It is driven by a current of compressed air which impinges upon the 
bottom of its outer casing into -which a number of slots are cut. The 
machine therefore revolves on a cushion of air, and any loss of 'speed 
arising from friction due to bearings is eliminated. Four small tubes 
measuring 2 by 0.5 cm. are carried in narrow recesses on the top of the 
rotor and a speed of 60,000 r.p.m. can be obtained. Fig. 15 indicates the 
constructional details of the apparatus. 
The rotor (A) consists of an inverted duralumin cone of 7.6 cm. dia- 
meter at its base with a vertex angle of 110 °. The top of the base (B) is flat 
and has four radial recesses cut into it capable of taking four small tubes 
2 by 0.5 cm. in size. The tubes are held down during spinning by a fiat 
duralumin disk (c) which is screwed (D) down on the top of the cone. At 
the foot of the under surface of the rotor a series of cuts or grooves are made 
and arranged, either in a radial or helicoidal manner, so as to assist the 
driving force of the air after the principle of an air turbine. 
The stator (E). This is a hollow cone made of phosphor bronze provided 
with nine holes round its interior (r), through which compressed air is forced 
and allowed to impinge upon the grooves cut into the sides of the rotor cone 
in an upward and anticlockwise direction. The angle of the stator is 90° to 
92 °, and the air -holes or jets should be drilled down (r) about 2 cm. from 
the upper and inner margin of the cone, at an angle of 45° to the axis 
of the cone when viewed antero -posteriorly and vertically when viewed 
from the side. The running of the instrument is controlled by an adjust- 
able valve (G), and at the conclusion of the experiment the spinning rotor 
is lifted off the stator with a metal fork. 
Compression plant. To maintain a speed of 60,000 r.p.m., a compressed 
air plant" driven by a 4 -h.p. electric motor, and delivering 20 cubic feet 
per minute at a pressure of 80 to 90 lb. per sq. inch, is required. 
Device for estimating speed of centrifuge. McIntosh and Selbie (1937). 
have used a stroboscope for calculating the speed of their air - driven centri- 
fuge. The method involves fitting up a neon lamp, possessing a frequency 
i Manufactured by.B.E.N. Patents Ltd., London. 
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of 100 cycles per second, that is worked by an electrically driven tuning - 
fork yielding a frequency of 6,000 cycles per minute. 
A V- shaped mark is made in the revolving top of the centrifuge and the 
neon lamp is held above it while it spins. When the instrument reaches 
6,000 r.p.m. the V- shaped mark appears stationary, and also at each 
subsequent multiple of 6,000 r.p.m. Thus a speed of 60,000 r.p.m. is 
reached after the V mark has become stationary ten times. Halves and 
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Fu'. 15. Shows a sectional diagram illustrating the design of an air -driven centrifuge 
of the `humming -top' type used by McIntosh and Selbie (1937). Reproduced from 
the British Journal of Experimental Pathology, vol. 18, p. 162. 
quarters of these figures can also be calculated, as two V's are visible at 
half a múltiple and four at a quarter of a multiple. 
The Svedberg centrifuge. 
This is the fastest revolving type of centrifuge that has been con- 
structed. The instrument is driven by oil turbines, and a speed of 160,000 
r.p.m. has been obtained. The rotor weighs 12.5 gm., the cell 12.9 gm., and 
for sedimentation measurements up to 900,000 times gravity the two twin 
turbines operating at each end of the shaft are fed with oil at a;pressure of 
15 Kg. /cm., and during rotation an atmosphere of 20 mm. of hydrogen is 
maintained. With such an instrument, Svedberg, Boestad, and Eriksson, - 
Quensel (1934) have measured the sedimentation rate of dilute haemo- 
globin.. So far, there are no reports in the literature of the machine being 
employed for the study of viruses, but an air -driven modification of 
Svedberg's instrument has been designed and used for the purpose, a 
description of which will now follow: 
Biscoe, Pickels, and Wyckoff's (1936) modification of Svedberg's 
centrifuge. 
These workers have designed an air - driven machine with which they 
have been able to measure optically the sedimentation rate of crystalline 
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proteins of the tobacco mosaic virus. The instrument embodies many of 
the principles incorporated in Svedberg's centrifuge, and in particular 
the optical device by which it is possible to watch the sedimentation rate of 
particles during centrifugalisation. 
The rotor of the machine runs in a vacuum and is enclosed inside an 
air -tight metal casing. Two quartz glass windows are fitted opposite to 
each other at the top and bottom of this covering, and a beam of ultra- 
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FIG. 16. Shows a cross -sectional drawing of the rotating system of the air -driven 
centrifuge designed by Biscoe, Pickels, and Wyckoff (1936). Reproduced from the 
Journal of Experimental Medicine, vol. 66, p. 39. 
violet light is passed through these so that the progress of sedimentation 
may be recorded photographically from time to time. For details regard- 
ing the fitting of the optical equipment, the reader is referred to the work 
of Svedberg (1934), Svedberg and Nichols (1927), and Svedberg, Boestad, 
and Eriksson- Quensel (1934). 
Fig. 16 indicates the propelling mechanism of the Biscoe- Pickels- 
Wyckoff centrifuge seen in cross- section, and its operation is as follows: 
A current of air under pressure enters at either port, (L) or (M), passes 
upwards and impinges against grooves' cut into the sides of a mobile 
bronze turbine (A) so that this is set in motion. The latter is attached to 
the rotor (c) of the centrifuge by means of a flexible shaft (B) which re- 
volves simultaneously. Additional constructional details are as follows: 
(A). Bronze air- driven turbine, the ponical surfaces of which have grooves cut into 
them. For details regarding the dimensions, number, and position of these 
milled flutings see Beams and Pickels (1935). 
m. Leather washer acting as a turbine clutch. 
(B). A steel shaft of piano wire 0.100 to 0.110 in. in diameter capable of with- 
standing 300 to 900 revolutions per second (r.p.s.). For speeds less than 300 
r.p.s. a piece of 3/16 in. drill rod should be used instead, in order to eliminate 
vibration. 
(N). A mild steel conical plate containing a number of holes acting as ports 
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through which air is forced from inlet (M) at 100 lb. per sq. in., requisite for a 
speed of 900 r.p.s. (see Beams and Pickels, 1935). 
(L) is the air inlet referred to as the passage for introducing (supporting pressure) 
air at 30 to 40 lb. per sq. in. used for slow running at 200 r.p.s. 
(K) and (J) are inlets for oil supplied at a pressure of 5 to 15 lb. per sq. in. 
g. Oil -seal bearing. 
q. Oil -well. 
(r). Oil- drain. 
i. Conical deflector for oil supply. 
e. A short length of rubber pressure tubing. 
n. Rotor clutch. 
c. Rotor made of duralumin alloy 14 S.T., 7 in. in diameter, of tapering thickness, 
being 1 in. at periphery and 2 in. at centre. The outside edge of the cell hole 
is in: from the periphery of the rotor, and the distance between the centre of 
the cell (w) and axis of rotation is 6.5 cm. 
w. Cell for holding suspension to be centrifuged. Is similar to that of Svedberg's. 
Its main difference is that, being filled from the end during assembly, an oil -seal 
is unnecessary. 
u. Dummy cell for balancing rotor. 
d. is the top of the centrifuge housing made of 4. in. boiler plate into which the 
upper of the two quartz glass windows is fitted. This is not shown in the 
sectional diagram. The remainder of the rotor is housed in an air -tight casing 
constructed of ehrom- vanadium steel, and while it revolves a vacuum of less than 
1 mm. of mercury is maintained in the chamber by a quick -operating oil pump. 
The optical system used for estimating the rate of sedimentation of 
solids within the cell during centrifugalisation is constructed as follows: 
Light rays from a mercury vapour arc lamp are rendered parallel 
through quartz condensing lenses, passed through bromine and chlorine 
filters, reflected by an aluminium mirror through quartz glass windows 
placed in the bottom of the vacuum chamber, through the cell (every 
time the apertures register during rotation), through the top quartz 
window fitted in (d), reflected by a second aluminium mirror, and finally 
focused by a 100 cm. focal length quartz- fluorite lens upon a photo- 
graphic plate on which the image is recorded. The total distance from the 
centre of the cell to the photographic plate is 4.5 metres. Exposures 
are made during running of the centrifuge by means of an electro- 
magnetically operated shutter placed between the collecting lens and the 
filter; the exposures vary from 1 to 10 seconds according to the sensitivity 
of the photographic plate employed. 
Speed. The speed of the rotor is measured with a stroboscope. The 
method used consists of watching a spot placed on the top of the turbine 
(A) through a slotted disk that is mounted, together with a small mag- 
neto, on the shaft of an electric motor. The speed of the centrifuge is 
thus calculated directly in terms of the voltage developed by the magneto. 
At 900 r.p.s. (or 60 x 900 r.p.m.) the centrifugal force at the centre of the 
cell is estimated to be 225,000 times gravity, and at 800 r.p.s. (or 48,000 
r.p.m.) the force is 180,000 times gravity. 
Heating during running. After some hours of continuous use, the maxi- 
mum rise of temperature for 800 r.p.s. is found to be 2° C. 
The Size of Viruses Demonstrated by Centrifugalisation 
The centrifuge designed by Svedberg was fitted with specially con- 
structed windows which allowed optical observations to be made during 
centrifugation and thus record the rate of sedimentation. Bechhold and 
Schlesinger (1931) employed the ordinary bucket type of high -speed 
centrifuge for similar studies, and later Schlesinger (1932) used the 
same method for calculating the size of viruses and bacteriophages. In 
his experiments, Schlesinger centrifuged the virus suspension in a wide 
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flat -bottomed tube 5 cm. long and 1 cm. broad, containing at its foot a 
thick disk of filter paper the purpose of which was to minimize dispersion 
of the deposited virus particles after centrifugalisation. The infectivity - 
titre of the fluid was first ascertained before centrifugalisation (C0) 
and later compared with the loss in titre after centrifugalisation (Ce), from 
which he was able to deduce the probable size of the virus particles (d) by 
application of the following formula: 
d= 6.15x108 /(71h log C.xC1I 
N ap- om,)RTN2 J' 
where d = the diameter of the particles in mµ, = the viscosity of 
the medium in C.G.S. units, cry = the density of the particle, am, the 
density of the medium, h = the height of the column of liquid, R = the 
distance of the filter paper from the axis of rotation, N = the r.p.m. of 
the centrifuge, and T = the time of centrifugalisation in minutes. The 
above formula has been based on a series of experiments made by Schle- 
singer (1932) on the size of a range of gold sols of known dimensions. 
The specific gravity of a virus is best calculated by centrifuging sus- 
pensions made up in varying densities of saccharose solution, to determine 
the lowest concentration of sugar solution in which the virus fails to be 
deposited. For example, Schlesinger and Andrewes (1937), using the 
Sharples centrifuge, found that after spinning Shope's fibroma virus for 
75 minutes at 33,000 r.p.m., there was just detectable deposition in 
a medium of specific gravity 1.25. They therefore assumed that the 
specific gravity of the virus was 1.3, and from the results of their calcu- 
lations concluded that the fibroma virus measured 126 to 141 mµ, and the 
papilloma virus 32 to 50mµ. These figures closely approximated to those 
obtained by ultra -filtration, from which it was learned that the fibroma 
virus measured 125 to 175 mµ, and the papilloma agent 23 to 35 mµ in 
diameter. 
Although the sizes of viruses and bacteria measured by Schlesinger's 
technique were found to be in good agreement, they invariably appeared 
to be about 30 per cent. higher than the values obtained by ultra -violet 
light and ultra- filtration, and accordingly Elford (1936) reinvestigated 
the problem and introduced the inverted capillary tube technique which 
overcame certain disadvantages associated. with Schlesinger's (1932) 
technique. 
Elford's (1936) improved method greatly facilitated the obtaining of 
samples of material after centrifugalisation, and minimized the possibility 
of redispersal of the virus particles after their deposition. It also enabled 
the investigator to compare the difference in infectivity of the fluid within 
the cell before and after centrifugalisation, from the results of which it was 
possible to calculate the size of the virus particles (d) by direct application 
of Stokes's law, the following formula being used: 
log . 
- -1 
/C d= 794X107 / (crp- am)N2t 
where d = the diameter of the particle in mµ, xl = the distance of the top 
of the capillary from the centre of rotation (= 7.25 cm. for metal cell or 
6-75 cm. for glass cell), l = depth of inverted capillary tube (= 1 cm.), 
O'p = . the density of the particle, am = the density of the medium, 
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= 
the viscosity of the medium, N = the speed of rotation in r.p.m., t the 
time of centrifugalisation in minutes, Co = initial concentration, and 
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Centrifugation of the elementary bodies of infectious 
myxomatosis of the rabbit. 
By C. E. van Rooyen and A. J. Rhodes. 
Introduction. 
In an earlier number of this journal one of us described the presence of 
elementary bodies in infectious myxomatosis of the rabbit (van Rooyen, 
1937). These closely resemble the elementary bodies of vaccinia, fowl -pox, 
ectromelia, and other virus diseases, measuring from 0.31 µ to 0.36 µ in 
diameter when stained by Paschen's method, and sometimes showing chain- 
120 C. E. van Rooyen and A. J. Rhodes, Centrifugation of the elementary bodies etc. 
in Table III was noted at this time. The supernatant fluid failed to give any 
reaction and appeared to be non -infective. 
Table III. 
Dilutions Uncentrifuged washings Reconstituted deposits Dilutions Sup nataer- nt
Rabbit 6. 
1/1000 Typical myxomatous pa- Typical myxomatous pa- Undiluted 
pule 4.6 cm diameter pule 3 cm diameter 1/10 
1/10 000 1/100 No 
1/100000 1/1000 reactio,t 
1/1000 000 }No reaction }No reaction 1/10 000 
1/10 000 000 
Summary. 
When a series of rabbits was injected with uncentrifuged eye- washings 
(containing elementary bodies) typical myxomatous papules were produced. 
When these washings were centrifuged at high -speed the deposit was found to 
contain numerous elementary bodies, which could not be demonstrated in the 
supernatant fluid. This deposit, suspended in saline to constitute the original 
volume, was capable of producing typical myxomatous papules, whereas the 
supernatant fluid was non -infective. 
These results indicate that the aetiological agent of infectious myxomatosis 
of the rabbit is the elementary body. 
Conclusions. 
1) The elementary bodies of infectious myxomatosis of the rabbit can be 
separated by high -speed centrifugation (15 000 r.p.m. for 2 hours). 
2) On injection intradermally into rabbits the separated deposit con- 
taining these bodies produces typical myxomatous papules; the supernatant 
fluid is non -infective. 
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Ct = the concentration after spinning for time t. For conditions such that 
Ct /Co = 0.1 this relationship bec 
/omes: l d 
k 
( 
N \(ap- am)N2t)' 
where k = 1.78 X 107 for the metal cells, or 1.84 x 107 for glass cells. 
By employing this principle for measurement, Elford and Andrewes 
(1936) found that vaccinia virus measured 170 to 180 mµ, influenza virus 
87 to 99 mµ, and the Rous sarcoma virus 60 to 70 mµ. 
Elford and Galloway (1937), using this inverted capillary tube tech- 
nique, found that the size of foot - and -mouth virus was 20 mµ, assuming that 
the density of the particles was 1.30. Different strains of foot - and -mouth 
virus appeared to be of the same size and moreover their particles tended 
to be relatively uniform in dimension. 
The size of vesicular stomatitis virus was also measured by the same 
technique, but its particle size tended to vary and ranged from 74 to 60 mµ 
according to whether the density of the particle was assumed to be 1.20 
or 1.30 respectively. Subsequent studies by Tang, Elford, and Galloway 
(1937) showed that equine encephalomyelitis virus measured 39 to 32 mµ, 
louping -ill virus 27 to 22 mµ, and a B. megatherium bacteriophage 30 to 
37 mµ. The need for more precise knowledge regarding the densities of the 
particles was emphasized by these workers. 
Table III gives a tabulated account of the size of viruses estimated by 
different methods (see p. 53). 
McIntosh and Selbie (1937). carried out similar methods of measurement 
by using their air - driven centrifuge constructed on the lines of the Henriot 
and Huguenard (1925) instrument, capable of attaining a speed of 60,000 
revolutions per minute (see p: 46). The sedimentation rate of various 
bodies was expressed graphically to show `a sedimentation angle', and the 
size of the particle was proved to be proportional to the square root of 
that angle, i.e. D = K X tan B, where D = the diameter of the particle, 
K = the speed of the centrifuge, and O = the sedimentation angle. 
These workers have used this simple formula for determining the size 
of virus particles, and have drawn attention to the similarity of their 
formula to that of Stokes. From their results, they estimated that vac - 
cinia virus measured 99 to 220 m¡w, from the sedimentation angle, and 
103 to 240 mp, from their modification of Stokes's equation. 
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CHAPTER- VI 
THE PARTICULATE NATURE OF VIRUSES- 
A SUMMARY OF RESULTS 
MODERN research has suggested that filterable viruses are minute living 
agents, similar to the ordinary bacteria, of definite size, and capable of 
division and multiplication. In the preceding chapters, we have described 
various methods by which the size of viruses can be estimated ; Table III 
contains a summary of these results which show that the viruses of 
different diseases vary considerably in their dimensions, some being as 
large as 275 mµ, others as small as 10 mµ. Table IV gives a list of viruses 
arranged in diminishing order of magnitude, among which have been in- 
cluded B. prodigiosus and the molecules of haemocyanin, serum albumin, 
pseudo -globulin, and egg albumin, in order to furnish comparative infor- 
ination. The data provided in Table III not only indicate the dimensions 
of individual viruses, but are also of interest because they prove the 
accuracy of different physical methods of measurement employed for the 
purpose. Thus, it will be observed that there is close agreement between 
the dimensions of the same virus when estimated by the application of 
physical principles so widely different as ultra -filtration and ultra- centri- 
fugalisation, and ultra -violet light photography. 
The Visible Viruses. 
As early as 1887 Buist of Edinburgh (see Gordon, 1937 ; Mackie and 
van Rooyen, 1937) and later, Paschen (1906) of Hamburg, observed 
independently that the causal agent of vaccinia was a minute micro- 
organism that could be demonstrated in stained preparations under the 
ordinary microscope. In succeeding years other workers made similar 
observations in connexion with other virus diseases, and thus at the 
present time it is generally accepted that the designation 'ultramicro- 
scopic and invisible viruses' is frequently a misnomer, for certain are 
capable of being stained and can be seen with the ordinary microscope. 
The limit of visibility attainable with the ordinary microscope has been 
fully discussed elsewhere (see Ch. I), and it only remains to repeat that 
any virus possessing a size of 67 mµ should (according to Coles, 1929) be 
visible as a stained particle under the ordinary microscope. Under dark - 
ground illumination the limits of resolution are greatly enhanced, and it 
should therefore be possible to see particles even smaller than this -a fact 
which has recently been supported by the careful observations of Merling- 
Eisenberg (1938), who succeeded in demonstrating phage particles 
measuring 25 mµ in size by the use of dark -ground illumination and an 
optical system possessing a numerical aperture of 1.25. 
The following is a list of sixteen viruses which have been stained and 
demonstrated under the microscope in the form of elementary bodies: 
canary -pox, mouse ectromelia, fowl -pox, herpes, inclusion conjunctivitis, 
infectious myxomatosis of rabbits, Japanese encephalitis, lymphogranu- 
loma inguinale, molluscum contagiosum, morbilli, psittacosis, rabbit 
fibroma of Shope, trachoma, variola -vaccinia, varicella, and zoster. 
References to literature regarding the elementary bodies found in these 
diseases are contained in Table III. 
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Name of disease 




Elementary bodies demon - 
strated in stained film 
preparations under the 











Aujeszky's disease 100 -150 .. .. Elford and Galloway .. 
('mad itch', pseu- 




Borna disease of 
horses 
85-125 .. .. Elford and Galloway 
(1933) 
.. 
Canary -pox 125 -175 .. 125 -175 Burnet and Barnard Herzberg (1936). 
(1933) 




20-30 .. Bauer, Cox, and 
Olitsky (1935) 
77 77 
20-35 32 -39 .. Tang, Elford, and .. 
Galloway (1937) 
Foot -and -mouth 
disease 
8 -12 .. Galloway and Elford 
(1931) 
. 
,, 8 12 . . Krassnoff and Reinié 
(1937) 
77 .. 17 -20 .. Elford and Galloway . . 
(1937) 
Fowl plague 60 -90 .. Elford and Todd 
(1933) 
Fowl -pox .. Borrel (1904); Woodruff 
and Goodpasture (1929, 
1930); Ledingham 
(1931). 
Herpes 100 -150 .. .. Elford, Perdrau, and Taniguchi et al. (1934); 
Smith. (1933) ' Amies (1934). 




233. .. .. Thygeson (1934 a) Lindner (1909, 1910, 
1911); Thygeson and 
Mengert (1936). 
153 -206 .. .. Tilden and Gifford .. 
(1936) 
,, 200 .. .. . Julianelle, Harrison, 
and Lange (1938) 
.. 
Infectious myxoma- 
tosis of the rabbit 
.. Arago (1911); van 
Rooyen (1937). 
(Sanarelli) 
Influenza (porcine) 80 -120 .. .. Elford, Andrewes, 
and Tang (1936) 
.. 
(human : 87-99 .. Elford and Andrewes .. 
W.S. strain) (1936) 
Japanese encepha- 
litis 









Miyagawa et al. (1935) 
Broom and Findlay 
Miyagawa et al. (1935 a). 
Findlay, Mackenzie, and 
(1936) . MacCallum (1938). 
100 -140 .. .. Levaditi, Paie, and .. 
Krassnoff (1936 b) 
Louping -ill 15 -20 .. Elford and Galloway .. 
(1933 a) 









.. Lipachütz (1911); von 
Prowazek (1911). 
Morbilli .. Taniguchi et al. (1935 a). 









Burnet and Ferry 
(1934) 
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TABLE III -continued 
Name of disease 
Size of virus in mkt 
estimated bu 
Authority 
Elementary bodies demon- 
strated in stained film 
preparations under the 











Poliomyelitis 8 -12 .. Elford, . Galloway, 
and Perdrau (1935) 
.. 
8 -12 .. .. Kling, Palo, I {rays- 
noff, and Haber 
.. 
(1938) 
Psittacosis 220-330 .. LevInthal (1935) Lillie (1930); Coles (1930); 
Levinthal (1930). 
Rabies (fixed virus) 100 -150 .. Galloway and Elford 
(1936) 
100 -150 .. .. Yaol, Kanazawa, and .. 
Sato (1936) 
,, (street virus) 160 -240 .. Paie, Krassnoff, Hab- 




virus of Shope 




virus of Shope 
23 -35 32 -50 .. ' Schlesinger and 
Andrewes (1937) 
.. 
Rift Valley fever 23 -35 .. .. Broom and Findlay .. 
(1933) 
Rous sarcoma 75 -100 .. Elford and Andrewes 
(1935) 
75 -100 ... .. Yaoi and Nakahara .. 
(1935) 
,, .. 60-70 .. Elford and.Andrewes 
(1936) 
.. 
St. Louis encepha- 
litis 
22 -33 .. Bauer, Fite, and 
Webster (1934) 
20-30 .. Elford and Perdrau 
(1935) 
Sand -fly. fever 160 .. Shortt, Pandit, and 
Rao (1938) 
Trachoma 200 .. .. Thygeson (1934); Halberstaedter and. von 
Thygeson and 
Proctor (1935) 
Prowazek (1907); Hal - 
berstaedter (1912). 
Vaccinia 125 -175 .. .. Elford and Andrewes 
(1932 a) 
. Buist (1887 ; see Gordon, 
1937 ; and Mackie and 
van Rooyen, 1937). 
,, 140 -160 .. .. Levaditi, Paie, and 
Krassnoff (1936 a) 
Paschen (1906, 1913); 
Ledingham (1931); 
Nauck and Paschen 
(1933). 
.. 170 -180 .. Elford and Andrewes . . 
(1936) 
.. 103 -240 .. McIntosh and Selbie .. 
(1937) 
Varicella .. .. .. .. Aragüo(1911 a); Paschen 
(1917, 1933). 
Vesicular stomatitis 70-100 .. .. ;Galloway and Elford .. 
(1933) 
/I 70-100 Bauer and Cox (1935) ; , 
60 -90 - .. .. Levaditi, Pale, Krass- 
noff, and Voet 
(1936) 
60 -74 .. Elford and Galloway 
(1937) 
Yellow fever 18 -27 .. .. Findlay and Broom 
(1933) 
18 -27 .. Bauer and Hughes .. 
. (1934) 
Zoster . Paschen (1933); Tani- 
guchi et al. (1934); 
Amies (1934). 
A SUMMARY OF RESULTS 
Virus or other entity 
Bacillus prodigiosua . . 
Psittacosis . 
Inclusion conjunctivitis . 
Trachoma . 
Sand -fly fever . 
Canary -pox 
Lymphogranuloma inguinale . 
Rabbit fibroma of Shope . . 
Vaccinia. . 
Aujeszky's disease . 
Ectromelia . 
Herpes . . 
Lymphocytic -choriomeningitis . 
Rabies (fixed virus) . . 
Borna disease . 
Influenza (porcine strain) . 
Newcastle disease of fowls 
Rous sarcoma . 
Vesicular stomatitis . . 
Fowl plague . 
Bacteriophages, Staphylococcus K, D4, 
D12 . . . . . 
Bacteriophages, D54, and S41 . . 
Bacteriophage, B. megatherium . . 
Rift Valley fever . . 
Tobacco mosaic disease . . 
Rabbit papilloma of Shope 
Equine encephalomyelitis . 
Bacteriophage, B. typhosus T111 
St. Louis encephalitis . 
Haemocyanin (Helix) . 
Yellow fever (neurotropic and viscero- 
tropic strains) . 
Louping -ill . 
Bacteriophage, S13 . 
Foot -and -mouth disease 
Poliomyelitis . . 
Edestin . 
Serum pseudo -globulin 






in mµ Authority 
750 Elford (1936). 
275 Levinthal (1935). 
233 Thygeson (1934a). 
200 Thygeson and Proctor (1935). 
160 ` Shortt, Pandit, and Rao (1938). 
150 Burnet and Barnard (1933). 
150 Broom and Findlay (1936). 
150 Schlesinger and Andrewes (1937). 
150 Elford and Andrewes (1932a). 
125 Elford and Galloway (1936). 
125 Barnard and Elford (1931). 
125 Elford, Perdrau, and Smith (1933). 
125 Rivers and Scott (1936). 
125 Galloway and Elford (1936). 
105 Elford and Galloway (1933). 
100 Elford, Andrewes, and Tang (1936). 
100 Burnet and Ferry (1934). 
85 Elford and Andrewes (1935). 
85 Galloway and Elford (1933). 
75 Elford and Todd (1933). 
60 Elford and Andrewes (1932). 
35 Elford and Andrewes (1932). 
35 Tang, Elford, and Galloway (1937). 
30 Broom and Findlay (1933). 
30 Smith (1936). 
29 Schlesinger and Andrewes (1937). 
28 Tang, Elford, and Galloway (1937). 
25 Yaoi and Sato (1935). 
25 Elford and Perdrau (1935). 
23 Elford and Ferry (1936). 
23 Findlay and Broom (1933). 
17 Elford and Galloway (1933a). 
10 Elford and Andrewes (1932). ' 
10 Galloway and Elford (1931). 
10 Elford, Galloway, and Perdrau (1935). 
8 Elford and Ferry (1936). 
7 Elford and Ferry (1934).. 
5 Elford and Ferry (1934). 
4.5 Elford (1933). 
4 Elford (1933). 
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PART II. 
sY iUSION BODI&S. 
A special study has been made of the inclusions 
of vaccinia and of molluscum contagiosum. Ob,scrva- 
tions on vaccinial keratitis in rabbits has revealed 
that in addition to intracytoplasmic inclusion bodies 
in corneal epithelium, identical inclusion bodies wereil 
found to occur within fibroblast cells of the substan ,ia 
propria. The experiments were carried a step further+ 
and observations were confirmed by obtaining a tissue 
;culture of fibroblast cells, infecting it with vac- 
cinia virus, and thereafter watching the formation of 
acidophile inclusions within these cells. The pos- 
sibility of the appearance described being artefacts, 
Tas thus excluded. The latter research is described 
in Part IV of this thesis. 
Before micromanipulation studies were possible 
:it was first necessary to design an instrument suit- 
able for the purpose, and thereafter to acquire 
sufficient-proficiency in its operation. About one 
year was occupied in perfecting methods, following 
which, microdissections were carried out on the in- 
clusion bodies of vaccinia, eetromelia, psittacosis, 
fowl-pox and molluscum contagiosum. 
Investigations on the first three are incom- 
plete, but the micromanipulation and dissection of th 
m o lluccur body was successfully accomplished and the 
findings/ 
'findings duly published. The chemical composition of 
the latter was also examined, and the information ob- 
tained was of interest in so far that similar findings 
had been made regarding the composition of the in- 
clusions of trachoma and inclusion conjunctivitis. 
See Part 
I would like to mention that owing to the ex- 
treme difficulty of this class of investigation, 
progress is painfully slow, and frequently much 
labour yielded but a small retard. A. complete study 
of all inclusions cy microdissection would occupy the 
greater part of a life time. Infected tissues con- 
taining inclusion bodies large enough and numerous 
enough for dissection are often difficult to secure. 
mai.ktiiriflisvVfilm. 
For instance,(10 dif erent strains of rabies virus 
(obtained from professors :emlinger and "Levaditi in 
Paris) .ere inoculated into rabbits and films from the 
hippocampus major were searched for Negri bodies but, 
despite many efforts, the viruses tested proved to be 
ecov feebly Negrigenic and microdissection had to be 
abandoned. The use of sheep or monkeys might have 
:rovided one with larger Negri bodies, but the handling 
of these animals is not without personal risk of 
infection. 
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CHAPTER VII 
INCLUSION BODIES 
THE majority of virus diseases are characterized by the occurrence of 
organized structures in the cytoplasm or the nucleus of infected tissue 
cells. These structures are known as inclusion bodies, inclusions, or virus 
inclusions ; it is necessary to define what is meant by these terms.. His- 
tologists sometimes use the term `inclusion body' in a broad sense, to 
refer to any structure in the cytoplasm of a cell other than such purely 
normal constituents as the mitochondria, Golgi apparatus, or centrosome ; 
thus, they might refer to globules of fat or particles of glycogen as inclu- 
sion bodies. Virus workers use the term in a restricted sense, to refer to 
peculiar intracellular structures generally regarded as characteristic of 
virus infections. These inclusions may occur in the nucleus or cytoplasm, 
and be eosinophilic or basophilic. The question of terminology is some- 
what complicated, however, by the fact that bodies similar to those 
occurring in virus infections may occur intracellularly in tissues which 
are either healthy, or else affected by a disease of non -virus aetiology. 
For example, while one talks about the Negri body as the characteristic 
inclusion body of rabies, one also says that inclusion bodies have been 
found in whooping -cough and brain tumours, both probably nori-virus 
conditions. We find the term virus inclusion' a useful one, but its use 
does not imply that we necessarily believe all such structures to be com- 
posed of virus particles. 
In this chapter we shall discuss the various types of inclusion, the 
occurrence of similar bodies in non -virus diseases, the experimental 
production of inclusions, and the methods used to elucidate their precise 
nature. We shall also discuss the biological nature of inclusions. This 
chapter is only intended to serve as an introduction to the subject, for each 
individual inclusion is usually treated at length in its appropriate chapter. 
In this chapter we intend to discuss the inclusions of human viruses, and 
the better -known inclusions of animal viruses ; inclusions have also been 
reported in various diseases of plants, fish, and insects (see Rivers, 1928 ; 
Ludford, 1930 ; Smith, 1930 ; St. John -Brooks, 1930), but these do not 
properly fall within our scope and no mention of them will be made. 
Concerning literature, a number of valuable papers of a general nature 
have appeared in recent years, some giving illustrations ('Findlay and Lud- 
ford, 1926 ; Rivers, 1928 ; Ludford, 1930 ; Cowdry, 1934 ; Ishimitsu, 1937). 
Classification. Various types' of classification may be used in describing 
these structures. For example, Lipschutz (1921) divided inclusions into 
three groups : the cyto -oikon or intracytoplasmic body ; the karyo -oikon or 
intranuclear body; and the éyto- karyo -oikon, the body that occurs in both 
sites. This terminology, however, is scarcely used at the present: it is so 
much easier to refer simply to intracytoplasmic or intranuclear inclusions. 
Cowdry (1934) has published a valuable classification of intranuclear 
bodies, which are divided into Types A and B, according to morphology. 
THE MORPHOLOGY OF INCLUSION BODIES 
Intracytoplasmic 
These bodies occur in various forms. They may be large eosinophilic 
structures ; they may be small basophilic granules ; or they may belong 
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to the group of inclusions, resembling the trachoma body. Less common 
types are small eosinophilic or large basophilic structures. 
(a) Large eosinophilic inclusions measure from about 5 IL up to 20 Ec. in 
diameter. They are usually spherical, but may be oval, elongated, or 
triangular. These bodies commonly appear more or less homogeneous, 
but special methods (vide infra) may detect granularity. The better - 
known virus inclusions of this type are the following : the Guarnieri body 
of variola -vaccinia (see p. 318 ; Plate III B) ; the Negri body of rabies (see 
Chapter LII ; Plate III A) ; the Henderson -Paterson body of molluscum 
contagiosum (see p. 123 ; Plate I) ; the Bollinger body of fowl -pox ; and the 
Marchai body of mouse ectromelia. 
(b) Small eosinophilic inclusions.. These inclusions are usually early 
forms of the above. Sometimes the granules become clumped together 
to form a larger structure. Such small granules may be found in rabies 
and vaccinia, and have been reported in mumps (see p. 245). 
(c) Small basophilic inclusions. These inclusions are usually formed by 
a collection, as it were a colony', of countless small elementary bodies. 
The typical appearance is usually of discrete blue granules lying in a 
more or less circumscribed area of the cytoplasm. Small basophilic 
inclusions occur in encephalitis lethargica (see p. 837) ; herpes febrilis 
(see p. 157) ; lymphogranuloma inguinale (see p. 186 ; Plate Ili and j). 
(d) Large basophilic inclusions. Large basophilic homogeneous inclu- 
sions have been described in lymphogranuloma inguinale (Gamna -Favre 
bodies). Studies have shown, however, that they are probably nuclear in 
origin, and not true virus inclusions (see p. 181). This type of inclusion is 
only rarely found, and is not characteristic of virus infections. 
(e) The trachoma type of inclusion. The inclusion bodies of trachoma, 
inclusion conjunctivitis, and psittacosis have so many features in common 
that they can conveniently be described together (see Plates IV and II a -h). 
Thus, with certain minor differences, they each undergo a series of dis- 
tinctive changes whilst in process of development ; they stain readily with 
Giemsa's solution ; and during the early stages of growth they appear as 
basophilic intracytoplasmic structures. As time proceeds, the inclusions 
not only increase in size and alter in shape, but also exhibit a tendency to 
acidophilic characters. The mature inclusion body consists of a clump of 
pink -stained elementary bodies which are sometimes covered by a film 
of cell material stained light blue, so that the structure as a whole has 
a lilac tint. This appearance is most marked in the inclusion bodies of 
trachoma and those of inclusion blennorrhoea, and is less obvious in the 
case of psittacosis virus.- 
During the last decade the inclusions of psittacosis have been ex- 
haustively investigated by Bedson and Bland (see p. 585), who showed 
that the earliest visible growth phase of the parasite took the form 
of a large, apparently homogeneous, basophilic and intracytoplasmic struc- 
ture which they called the plaque or plasmodium stage. As growth 
progressed the plaque grew in size and underwent segmentation, so 
that it eventually assumed the appearance of a segmented mass, called 
a morula. Owing to the resemblance of these initial growth phases of 
the virus to the early multiplication farms of a protozoal bird parasite, 
Bedson (see p. 586) at first expressed the view that the psittacosis virus 
showed morphological similarities more closely related to the protozoa 
than to the bacteria. Subsequent work by Bedson and Bland (see. p. 587) 
dispelled this theory, for they showed that, although the earliest develop- 
mental forms of the virus seemed to be homogeneous in structure, they 
were in reality composed of an aggregation of smaller masses. As the 
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inclusions matured, minute pink - staining elementary bodies began to 
develop within them and eventually these filled the whole cell, which 
subsequently ruptured and discharged its contents into the surrounding 
tissue spaces. The free -lying virus bodies next entered healthy endothelial 
cells and commenced a second life cycle. 
The inclusion bodies of psittacosis, trachoma, and inclusion conjuncti- 
vitis constitute a unique group of structures, and owing to the facility 
with which they can be demonstrated in tissues and the colour effects 
which are obtainable in film preparations, they have been examined by 
cytologists, certain of whom have suggested that the appearances of the 
inclusion body at different stages of its growth are not solely produced by 
the parasite itself but are also contributed to by the cell. Levinthal 
(see p. 587), for instance, goes so far as to assert that the initial forms 
referred to as the plaque, plasmodium, and morula varieties represent, to 
a large extent, the reaction of the parasitized cell and, to a lesser degree, 
the virus itself. This opinion is somewhat similar to that expressed in the 
past by early German writers in respect of the nature of the trachoma 
inclusion body. They, for example, pointed out that the light blue - 
staining masses which developed in the cytoplasm of invaded epithelial 
cells after infection represented a product of cell degeneration, on account 
of which they called them `plastin masses '. The successive developmental 
stages of the trachoma inclusion body have been investigated in great 
detail by Halberstaedter and Prowazek (see p. 610), and from their survey 
of the literature on this subject they concluded that the first sign of 
growth of the virus was the formation of the initial body, inside which in 
turn elementary bodies, or Strongyloplasma as they were called at the 
time, began to appear. This process started in the initial bodies situated 
at the centre of the cytoplasm and gradually involved those situated 
peripherally, so that eventually the whole cytoplasm became filled to 
bursting -point with elementary bodies, the nucleus became pushed to 
one side, and the cell ruptured. 
Much of what has been said regarding the morphology of the Halber- 
staedter-Prowazek inclusion body is equally applicable to the inclusion 
body of inclusion blennorrhoea, and for all practical purposes they may 
be regarded as identical in appearance. The only outstanding difference 
between the two inclusions lies in their relative distribution in affected 
tissues, for whereas in trachoma the bodies only occur in the conjunctival 
epithelium, the virus of blennorrhoea has also been demonstrated in the 
mucous membrane of the cervix uteri and, on rare occasions, in the male 
urethra. 
An interesting observation which has been made regarding this group 
of inclusions is the fact that the elementary bodies appearing in the 
fully developed trachoma inclusion body are embedded in a jelly -like 
material: this substance sometimes clings to the elementary bodies after 
they have been liberated. It is this mucoid covering which produces the 
halo -like zone of non- staining material that surrounds individual elemen- 
tary bodies in Giemsa - stained films (see p. 614). 
The researches of Bland and Canti (see p. 588), who obtained a cine- 
photomicrographie record of the. growth phases of psittacosis virus in 
tissue cultures, also revealed that the inclusion body possessed a definite 
outer covering or envelope composed of a relatively dense substance 
(see p. 589). 
The microchemical reactions of the inclusion body of trachoma have 
been investigated by Rice (see p. 614), who found that the matrix of the 
structure consisted of a carbohydrate substance which yielded a specific 
PLATE I 
Histological section through a skin nodule derived 
from a case of molluscum contagiosum. Observe 
the numerous molluscum (or Henderson -Paterson) 
inclusion bodies, which are coloured dark red. 
Stained by Mann's method. X 100 (approx.). 
PLATE I 
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colour reaction when treated with Lugol's iodine solution ; furthermore, 
the inclusion body could be deprived of this property by preliminary 
exposure to the digestive action of saliva. The inclusion body of inclusion 
conjunctivitis has also been found to react in a similar manner. 
At the time of writing, interest has been focused on the inclusion 
and elementary bodies of lymphogranuloma inguinale, in view of a claim 
put forward by Findlay and his co- workers (1938) that this virus also 
undergoes a developmental process similar to that of psittacosis. A full 
description of work on the subject appears on p. 186, but although certain 
developmental phases of the inclusions of lymphogranuloma inguinale 
unquestionably resemble those of psittacosis virus, we would suggest 
that further work is required before definite conclusions can be reached. 
Intranuclear 
Cowdry (1934) states that the characteristic features of these inclusions 
are as follows : eosinophilic staining reaction ; presence of an unstained 
halo between the inclusion and the nuclear membrane ; and margination 
of basichromatin on the nuclear membrane. Cowdry also reports- that 
` intranuclear inclusions can be divided, on the basis of morphology, into 
Types A and B. 
Type A inclusions are either amorphous, granular, or occur in rounded 
masses. The nuclear material is 'severely disorganized, and the basichro- 
matin collects on the nuclear membrane. These inclusions contain no 
iron or thymonucleic acid, and micro- incineration leaves no ash. Affected 
tissues show bodies in all stages of development ; thus, certain cells may 
contain fully developed inclusions, while nearby only very small forms 
may occur. There is usually a severe tissue reaction in the neighbourhood 
of Type A bodies. Type A inclusions are found most characteristically in 
herpes febrilis ; yellow fever (see p. 469) ; chickenpox (see p. 255) ; zoster 
(see p. 140) ; and virus III infection of rabbits. 
Type B inclusions cause much less reaction in the nucleus than do 
Type A. The inclusions themselves are more circumscribed ; they vary 
in size and there may be a number in any one nucleus ; there is no margina- 
tion of basichromatin ; and there is no marked tissue reaction in the 
surrounding areas. Type B inclusions occur, for example, in poliomyelitis 
(see p. 795) ; Rift Valley fever (see p. 415) ; and Borna disease of horses. 
VIRUS DISEASES OF MAN IN WHICH INCLUSION BODIES OCCUR 
Intracytoplasmic 
Eosinophilic. Encephalitis lethargica (Dawson's bodies, see p: 838) ; 
Japanese encephalitis (Taniguchi's bodies, see p. 868) ; molluscum con - 
tagiosum (Henderson- Paterson bodies, see p. 123 ; Plate I) ; mumps 
(see p. 245) ; rabies (Negri bodies, see Ch. LII ; Plate III) ; variola- 
vaccinia (Guarnieri bodies, see p. 318 ; Plate III) ; warts., (see p. 134). . 
Basophilic. Encephalitis lethargica (Da Fano's bodies, see p. 837); 
herpes febrilis (Da Fano's and Nicolau's bodies, see p. 157) ; inclusion 
conjunctivitis (see p. 632 Plate IV) ; lymphogranuloma inguinale (Gamna- 
Favre bodies, Miyagawa's bodies, see p. 186 ; Plate II) ; measles (see 
p. 220) ; psittacosis (see p. 585 ; Plate II) ; trachoma (see p. 610 ; Plate IV). 
Intranuclear 
Type A. Herpes febrilis (Lipschutz bodies, see p. 160) ; herpes zoster 
(Lipschutz bodies, see p. 140) ; varicella (see p. 255) ; virus B' infection 
(see p. 890) ; yellow fever (see p. 469). 
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Type B. Herpes febrilis (Nicolau's bodies, see p. 160) ; herpes zoster 
(Nicolau's bodies, see p. 140) ; poliomyelitis (see p. 760) ; Rift Valley fever 
(see p. 415). 
CELL INCLUSIONS FOUND IN HUMAN TISSUES IN NON -VIRUS 
DISEASES 
Inclusions have been described in certain conditions in which no virus 
is held to occur. Thus intranuclear inclusions have been found in nerve 
cells of persons dying from different diseases (Wolf and Orton, 1932). 
Nuclear inclusions were found in the tubular epithelium of the kidney 
and in liver cells in a number of cases of lead poisoning in children (Black- 
man, 1936). A number of authors have described Type A. intranuclear 
inclusions in the lungs of children dying from whooping -cough pneumonia 
(Rich, 1932; Kuttner and Wang, 1934; MoCordock and Smith, 1934). 
Goodpasture et al. (1939) described inclusions in the nuclei of epithelial 
cells in the respiratory tract of infants after measles or whooping -cough. 
Broadhurst et al. (1939) found inclusions in the respiratory system and 
blood cells after scarlet fever. 
Gliomata, mainly those of the spongioblastoma multiforme type, were 
found to contain large eosinophilic intracytoplasmic inclusions in 33 per 
cent. of cases (Russell, 1932). 
INTRACELLULAR INCLUSIONS FOUND IN HEALTHY HUMAN 
TISSUES 
Structures resembling virus inclusions have been found in the tissues 
of healthy persons on a number of occasions. 
1. Type A intranuclear inclusions were found in the intestines, liver, 
and lungs of a man aged 36 (VonGlahn and Pappenheimer, 1925). 
2. Type B inclusions have been found in the kidneys in a number of 
healthy human beings (Cowdry et al., 1935). 
3. A number of authors have described intranuclear inclusions in 
healthy young children (e.g. Goodpasture and.Talbot, 1921; Farber and 
Wolbach, 1932 ; Kuttner and Wang, 1934 ; Pappenheimer and Hawthorne, 
1936 ; for other references see VonGlahn and Pappenheimer, 1925). The 
patients were usually infants ; sometimes'still-born foetuses were examined: 
The inclusions occurred in the bile -ducts, intestine, kidneys, liver, lungs, 
pancreas, parotids, thyroid, and respiratory tract. Farber and Wolbach 
found both nuclear and cytoplasmic inclusions in 12 per cent. of sub - 
maxillary glands examined in infancy. Similar intranuclear bodies were 
found by Kuttner and Wang (1934). 
CELL INCLUSIONS OBSERVED IN ANIMAL VIRUS DISEASES 
Intracytoplasmic 
Eosinophilic. Canary -pox ; dog distemper ; ectromelia (Marchal bodies) ; 
foot - and -mouth disease in animals ; fowl -pox (Bollinger bodies) ; louping- 
ill (see p. 879) ; myxomatosis or rabbits ; ferret epizootics (Slanetz and 
Smetana, 1937 ; Spooner, 1938) ; fowl plague ; sheep -pox ; cow -pox. 
Intranuclear' 
Type A. Fox encephalitis ; louping -ill (see Ch. LXIV) ; infectious tra- 
cheitis of chickens ; an owl disease ; parrot and parakeet disease ; pseudo - 
1 Many of these inclusions have been personally studied by Cowdry (1934). 
PLATE II 
a, b, e, d, e, f, g, and h, illustrate different morpho- 
logical growth phases of psittacosis virus. Each 
variety is described individually in Chapter XLV. 
i. Tissue culture of rabbit corneal epithelium in- 
fected with lymphogranuloma inguinale virus. 
Observe the two large and one small clumps of 
elementary bodies. These have been referred to in 
the literature as Miyagawa's granulo- corpuscles. 
j. Histiopyte from meninges of mouse infected with 
lymphogranuloma inguinale virus, showing Miya- 
gawa's granulo- corpuscles, some of which occur 
singly and others in pairs. 
All the above have been drawn from microscopic 
preparations stained with Giemsa's solution, and 
are magnified about X 1,200. 
t ; 
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rabies (see p. 744) ; rats infected with an active principle in sewage 
(Hindle and Stevenson, 1929 -30 ; Hindle, 1932) ; salivary gland virus of 
guinea -pigs ; salivary gland virus of mice ; salivary gland virus of rats ; 
virus III of rabbits. 
Type B. Borna disease of horses ; infection of the livers of mice (Findlay, 
1932). 
CELL INCLUSIONS OCCURRING IN HEALTHY ANIMAL TISSUES 
Inclusions have been found iñ a number of apparently healthy animals ; 
it should be realized, however, that viruses may be present in these 
conditions as it is now known that there exist a number of more or less 
benign virus infections of animals. 
Monkeys. Intranuclear inclusions have been 'found in the respiratory 
system and bile -ducts (Covell, 1932), in the kidneys (Cowdry and Scott, 
1935 b), and in the liver cells (Pappenheimer and Hawthorne, 1936). 
Dogs. Type A intranuclear inclusions were demonstrated in the liver 
cells of two dogs by Cowdry and Scott (1930). Nuclear inclusions were 
demonstrated in the liver and kidney cells of dogs over two years of age 
(Nicolau and Kopciowska, 1936). 
Cats. Normal cats may show small intracytoplasmic granules in their 
nerve cells (Negri -Luzzani, 1905, 1913). 
Guinea-pigs. Pappenheimer and Hawthorne (1936) found nuclear in- 
clusions in the liver cells. 
Mice. Negri -like bodies may occur in the nerve cells (Nicolau, Kop- 
ciowska; and Balmus, 1933). 
Ferrets: Inclusion bodies were found in the nuclei of the liver cells by 
Pappenheimer and Hawthorne (1936). 
Moles. Intranuclear bodies were found in the salivary glands by Rector 
and Rector (1934). 
Birds. Type A lesions were found in the kidneys of a Guatemalan 
amazon ; Type B lesions were found in the lungs of this species and the 
kidneys of a number of other birds (Cowdry et al., 1935). 
Frogs. Cowdry (1934) found Type A lesions in the kidneys of frogs. 
THE PRODUCTION OF INCLUSIONS BY PHYSICAL AND CHEMICAL 
AGENTS 
A number of physical and chemical factors have been said to cause 
inclusions when inoculated into experimental animals. 
Intracytoplasmic. 1. Russell's viper venom produced Negri -like bodies 
in nerve cells in guinea -pigs (Acton and Harvey, 1911). 
2. B. pyocyaneus injections produced Negri -like bodies in rabbits 
(Acton and Harvey, 1911). 
3. Prolonged administration of pilocarpine produced Negri -like bodies 
in the salivary glands (Shortt and Lahiri, 1934). 
Intranuclear. 1. Inclusions were produced in guinea -pigs by injections of 
certain aluminium, carbon, and iron compounds; these structures gave 
negative Feulgen and MacCallum reactions, and so were clearly not of 
nuclear origin (Olitsky and Harford, 1937). 
2. Bismuth injections gave rise to nuclear inclusions in rats (Pappen- 
heimer and Ma;echling, 1934). 
3. Lee (1933 -4) produced intranuclear inclusions in the nerve cells of 
cats after intravenous injection of glucose, common salt, sodium bicar- 
bonate, and distilled water. After injection of salyrgan, he found inclu- 
sions in the pancreas, kidneys, testes, and suprarenals. 'In a more detailed 
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study (1936) he produced Type B lesions in the cells of the anterior horn 
by intravenous injection of distilled water. Following injection of hyper - 
tonic glucose, glucose plus acacia, common salt, and sodium'bicarbonate, 
Type A lesions developed in Purkinje cells, in anterior horn cells, in cells 
of the spinal and sympathetic ganglia, and in pyramidal cells. 
4. Nuclear inclusions were produced in the kidneys of guinea -pigs, mice, 
and rats by the administration of lead; these structures gave a negative 
I'eulgen reaction (Blackman, 1936). 
5. Intranuclear inclusions developed in nerve cells after prolonged 
electrical stimulation of nerves in turtles, cats, and monkeys (Heinbecker 
and O'Leary, 1930). 
6. Soaking nerve tissue in hypertonic saline produced nuclear inclusions 
(Davenport et al., 1931). 
7. Administration of irradiated ergosterol produced intranuclear in- 
clusions in the kidneys of rhesus monkeys, and in the parotid and sub - 
maxillary glands of cebus monkeys (Cowdry and Scott, 1935 a). 
METHODS USED IN THE STUDY OF INCLUSIONS 
1. Microscopic examination. Inclusion bodies may be examined in wet 
preparations by the dark -ground microscope, with a view to detecting 
granularity ; infra -red microscopy has also been employed. Both these 
methods have shown, for example, that the Negri body of rabies is a 
granular structure, and not homogeneous, as it appears in stained films 
(see Ch. LII). Recently Himmelweit (1938) has employed a very delicate 
microscopical method (see p. 13) ; he studied in situ by the Heine Ultro- 
pak (Leitz) microscope the chorio- allantois of ducks' eggs infected with 
vaccinia (and ectromelia). He found that in infected epithelial cells there 
were large numbers of granules, which increased in number, and were 
always contained in a matrix. There is little doubt that the granules were 
virus elementary bodies, and that the whole accumulation represented a 
Guarnieri body. 
As a general rule, however, inclusions are examined microscopically 
only after staining. Staining methods are applied for two main reasons.1 
First, as a means of demonstrating accurately the morphology of the body 
in question. Secondly, stains and other reagents are applied to test, as far 
as possible, the composition of the inclusion; these tests are as follows: 
(a) The Feulgen technique is performed as a test for thymonucleic acid ; 
any structure giving a positive reaction contains chromatin. True virus 
inclusions should give a negative Feulgen reaction, whether they occur in 
the cytoplasm or the nucleus? Ingested nuclei may sometimes resemble 
virus inclusions, but their true nature can be detected by this reaction; 
for example, the so -called Gamna -Favre bodies of lymphogranuloma 
inguinale give a positive reaction, showing that they are of nuclear origin. 
(b) MacCallum's test detects the presence of masked iron, a positive 
reaction signifying the presence of nuclear chromatin. 
(c) The application of hydrochloric acid usually dissolves nuclear 
chromatin, but leaves inclusions intact. 
(d) Stains for mitochondria, the Golgi apparatus, and the centrosome 
prevent smaller forms of inclusion body from being confused with these 
normal intracellular structures. 
(e) The oxidase reaction detects the presence of granules of leucocytes, 
which give a blue colour. Sometimes a flattened leucocyte may simulate 
a fibroblast with eosinophilic inclusions ; sometimes also histiocytic cells 
i For the technique of staining, a text -book of histology should be consulted. 
2 See, however, recent work on vaccinial inclusions (p. 323). 
PLATE III 
A. Histological section through the hippocampus 
major of a dog suffering from hydrophobia. Observe 
the red -stained Negri inclusion bodies lying within 
the cytoplasm of nerve cells. The illustration has 
been prepared from a section of tissue stained by 
Mann's method, and is magnified approximately 
x 1,200. 
B. Shows an histological section through the cornea 
of a rabbit, four days after scarification with vac - 
cinia virus. Observe the red -stained Guarnieri 
bodies present in the cytoplasm of corneal epi- 
thelial cells. They vary considerably in size, being 
either homogeneous or granular in composition, 
and are often surrounded by an unstained halo. 
Stained by Mann's method, magnified approxi- 
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may ingest the granules of degenerated leucocytes. In both these cases the 
oxidase reaction shows that the intracellular structures are not true virus 
inclusions, but only leucocytic granules. 
(f) Intravital staining is sometimes carried out. Cresyl blue solution is 
applied to wet preparations of tissue containing inclusions, which take up 
the stain selectively, to appear distinctly blue. 
It may be said that true virus inclusions give negative Feulgenl and 
MacCallum tests ; resist solution in hydrochloric acid ; do not react to tests 
for mitochondria, the Golgi apparatus, and the .centrosome ; do not give a 
positive oxidase test ; and frequently stain vitally with cresyl blue. 
2. Tissue culture and egg culture. Viruses may be added to the cells of 
a tissue culture, and the development of characteristic inclusions studied 
in wet, or preferably stained, preparations ; the slide technique of growing 
cells is probably the best suited to this purpose (see also Ch. IX). By such 
means the inclusions of herpes febrilis (see p. 160), lymphogranuloma 
inguinale (see p. 186), psittacosis (see p. 588), and vaccinia (see p. 323) 
have been studied. 
Viruses may also be added to fertile eggs (see also Ch. X) ; after an 
appropriate period of growth, the chorio- allantois is removed, and histo- 
logical preparations made. By this technique the inclusions of herpes (see 
p. 160), lymphogranuloma (see p. 187), psittacosis (see p. 590), and 
vaccinia (see p. 322) have been studied. Andrewes (1930) has shown that 
the addition of immune serum prevents the development of herpetic 
inclusions (Lipschutz bodies). 
3. Animal inoculation. Inclusion bodies are, of course, frequently 
studied experimentally in the tissues of infected animals ; a particular 
application of this method has been used in the study of life cycles. For 
example, in the study of psittacosis, mice were injected with virus in the 
peritoneal cavity ; animals were killed at short intervals thereafter, and 
preparations made from the spleen (Bedson and Bland, 1932, see p. 592). 
Working with lymphogranuloma inguinale, Findlay et al. (1938) injected 
mice intracerebrally; in this case also the animals were killed at short 
intervals thereafter. In both these studies it was possible to identify a life 
cycle' by examination of successive specimens. 
4. Micro -incineration. Of recent years, it has been found that important 
information can be yielded by subjecting tissue containing virus inclusions 
to a very high temperature ; after incineration, slides are examined micro- 
scopically for the nature of the residual ash. Using this method, Scott 
(1930) found that the intranuclear inclusions of salivary gland disease 
of guinea -pigs left little or no ash, whereas nucleoli were found to be 
rich in ash. A method of distinguishing between intranuclear inclusions 
and nucleoli is thus available. Similar appearances are presented, after 
incineration, by the intranuclear inclusions of yellow fever (Cowdry, 
1933), herpes (Rector and Rector, 1933), and Rift Valley fever (Horning 
and Findlay, 1934). 
Danks (1932), studying intracytoplasmic bodies by .micro-incineration, 
found that the Bollinger body of fowl -pox contained calcium salts, and 
was composed of numerous smaller granules, or Borrel bodies. Covell 
and Danks (1932) studied'the Negri body, which yielded a compact white 
ash composed mainly of calcium. 
5. Ultracentrifugation. This method was used by Lucas and Herrmann 
(1935) in their study of the Lipschutz body of herpes febrilis; they used 
the ultracentrifuge of Beams, Weed, and Pickels (see p. 47). A rabbit's 
cornea was excised, and cut into small pieces, 30 to 48 hours after inoculation 
1 See, however, p. 323. 
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with virus. The tissue was centrifuged for 45 to 60 minutes at 65 to 70 lb. 
air -pressure, fixed, and histological preparations made. The herpetic 
inclusions were, apparently, heavier than chromatin, and passed to the 
pole opposite to that where the chromatin was collected. 
6. Micromanipulation. There is one method, beyond all others, of 
deciding whether an inclusion is a purely degenerative structure derived 
from the host, or whether it is infective, and derived from the parasite ; 
that method is to isolate an inclusion by micromanipulation and then, if 
possible, inject it into a susceptible animal, eventually reproducing the 
infection. 
The standard work on these lines was carried out by Woodrùff and 
Goodpasture (1929), who isolated a fowl -pox inclusion by micromanipula- 
tion; it was then washed in saline, and finally injected into an animal. 
The washed inclusion reproduced the disease, while the saline used to 
wash the body proved non -infective. They further showed that an in- 
clusion contained numerous elementary bodies. Baumgartner (1935 a) 
confirmed these results, and also worked with the inclusions of ectromelia 
of mice. She was able to reproduce the infection with a single washed 
ectromelia inclusion. Baumgartner (1935 b) has also carried out important 
work on the intranuclear Lipschutz body of herpes. The isolated body 
proved infective for the cornea, whereas the saline in which it was washed 
proved negative. 
van Rooyen (1938) has applied this technique in another direction; he 
has carried out microdissection of the inclusion of molluscum contagiosum, 
and has shown that the body can be removed from the epithelial cell, 
and leave a definite socket therein. Also, it appears that the inclusion has 
a weak cap -like extremity, and that it contains numerous elementary 
bodies embedded in a sticky matrix (see also p. 129). 
The significance of the above results is undoubted ; it has been shown 
that two very typical intracytoplasmic inclusions, and one typical.intra- 
nuclear inclusion, are infective, and must, therefore, contain the viable 
virus particles. These results have greatly influenced modern views on the 
nature of inclusions, and many feel that itis only a matter of time before 
other well -known inclusions, e.g. those of vaccinia, rabies, and yellow fever, 
will be treated in the same way and found to be infective. 
THE SPECIFICITY OF VIRUS INCLUSIONS 
We have described the appearance of a large number of inclusions 
occurring in virus diseases of man and animals. It has also been stated 
that apparently similar inclusions may be found in non -virus diseases of 
man, in healthy human beings and animals, and may be produced 
experimentally by various physical and chemical agents. If, then, in- 
clusions occur in other conditions, to what extent do they indicate the 
presence of a virus ? It should be noted that the morphological presence 
of an inclusion is only one test for the presence of a virus ; this test should 
be combined with attempts to demonstrate the infectivity of the tissue in 
which the inclusions occur. 
With regard to intracytoplasmic inclusions, 's We take up the position that 
a number are absolutely specific structures that do indicate the presence of 
a virus. They are so characteristic in their morphology, that they cannot 
be confused with other structures. Further, they are associated with the 
infectivity of the tissue in which they occur, and many develop in infected 
tissue cultures and eggs. Such inclusions are those of rabies, variola- 
vaccinia, molluscum contagiosum, lymphogranuloma inguinale (Miya- 
PLATE IV 
The drawings a, b, e, d, and e, show various growth 
phases of trachoma virus as seen in films of con- 
junctival scrapings derived from the disease. 
d. Illustrates the appearance of an histological 
section of trachomatous tissue. A full description 
of these inclusions appears in Ch. XLVII, p. 608. 
f. Shows an epithelial cell containing a mass of 
elementary bodies adjacent to the cell nucleus. 
The illustration indicates the appearance of the 
inclusion conjunctivitis virus (see Ch. XLVIII). 
In their morphology, the inclusions of trachoma so 
closely resemble those found in inclusion con- 
junctivitis that for purposes of practical diagnosis 
they may be regarded as identical. 
All the above have been stained with Giemsa's 
solution, and are magnified X 1,200 approximately. 
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gawa's bodies), trachoma, inclusion conjunctivitis, psittacosis, ectromelia 
of mice, and fowl -pox. 
There are, however, certain other types of intracytoplasmic inclusion 
which have not been so fully studied and may be non -specific, being un- 
connected with the causal agent. It is possible, however, that further 
study may remove some of these structures into the group just mentioned 
above. Bodies, the specificity of which we do not yet regard as established, 
are : Da Fano's or Nicolau's bodies of herpes febrilis ; Da Fano's or Daw- 
son's bodies of encephalitis lethargica ; Taniguchi's bodies of Japanese 
encephalitis ; eosinophilic bodies in warts ; basophilic bodies in measles. 
Now, with regard to intranuclear inclusions the position is rather 
different. For, first, intranuclear inclusions occur in a variety of non -virus 
infections, in healthy animals and human beings, and can be produced 
experimentally. Second, there are only two common appearances pre- 
sented by intranuclear inclusions -Types A and B. Many nuclear inclu- 
sions, however, are found so uniformly in the particular disease, and are so 
constantly associated with the infectivity of the tissue in which they occur, 
that they may be regarded as specific structures due to the virus in ques- 
tion. Inclusions which we so regard are those associated with yellow 
fever, herpes (Lipschutz bodies), Rift Valley fever, varicella, `B' virus, and 
virus III. With regard to the intranuclear inclusions of Nicolau in 
herpes, and the inclusions of poliomyelitis and zoster, we would reserve 
our opinion until further and more definite reports are received. 
To conclude, we would summarize our views on the specificity of 
inclusion bodies in the following terms: Certain inclusions, both cyto- 
plasmic and nuclear, are so constantly found in virus infections that they 
must be regarded as specific structures produced by the respective virus 
agents. There are, however, certain less definite inclusions, which have 
not been so thoroughly studied. We would not place these in the same 
category as those just mentioned, and we consider that their presence may 
be merely fortuitous ; more particularly as it is evident that bodies mor- 
phologically resembling those of virus diseases can occur in conditions 
where the presence of any virus is improbable. The mere finding of an 
inclusion in a cell does not indicate a virus infection; the inclusions must 
occur constantly in cases of the disease, and be associated with the in- 
fectivity of the tissue in which they occur, before the possibility of a virus 
infection can even be considered. 
THE STRUCTURE OF INCLUSIONS 
Any discussion on the structure of inclusions at the present day must 
take note of one outstanding fact. That is, that two typical intracyto- 
plasmic inclusions -those of ectromelia and fowl -pox -have been isolated 
by microdissection,, and found to be infective ; further, one typical intra- 
nuclear inclusion -the Lipschutz body of herpes -has also been found to 
be infective. 
There are two main theories in regard to the composition of inclusions. 
In the first place, it is suggested that inclusions are formed from the cells 
of the host ; that is to say, the inclusions are reactionary products. For 
example, it has been variously suggested that certain inclusions may be 
formed by a process of degeneration of the cytoplasm or of the nucleus ; 
that they are formed from extruded chromatin or nucleoli ; that they 
are formed from the Nissl substance or mitochondria ; or that they 
are formed from hypertrophied neurofibrils. It is possible that the well - 
known Negri body is formed from nuclear material, or else from neuro- 
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fibrils, but we do not believe that many other common types of inclu- 
sion can be satisfactorily explained by this theory. In the second place, it 
has been. suggested that inclusions are intracellular colonies of virus 
elementary bodies. We believe that this theory explains the inclusions 
of ectromelia, fowl -pox, molluscum contagiosum, variola -vaccinia, psitta- 
cosis, trachoma, inclusion conjunctivitis, lymphogranuloma inguinale, and 
herpes febrilis (Lipschutz bodies). It is probable that the most feasible 
explanation of the composition of the majority of inclusions is that 
elementary bodies first enter the cell, sometimes reaching the nucleus, 
and then proliferate to form a colony. The cell itself probably reacts and 
produces a covering which gives the inclusion a more or less homogeneous 
appearance ; especially is this so in the trachoma group of inclusions. 
This theory was really advanced many years ago by von Prówazek (1907), 
who held that inclusions were formed from living organisms embedded in 
a matrix produced by the cell. He coined the term Chlamydozoa to 
express the idea of organisms being clothed by a mantle of cellular proto- 
plasmic material. Later, Lipschutz (1921) regarded nuclear inclusions 
as reactionary products with which were associated virus particles. 
It has been stated in our introductory section that viruses may be 
regarded as showing the most extreme degree of parasitism in nature. 
The formation of colonies, i.e. inclusions, inside cells is probably necessi- 
tated by the limited metabolic powers of this group of agents. If this be 
so, however, why have not inclusions been demonstrated in all virus 
infections ? Perhaps it is only because our staining methods are relatively 
crude and sometimes fail to demonstrate the presence of virus aggregates 
in cytoplasm or in nucleus. 
The problem of the biological nature of inclusions calls for much further 
study; at the present, too much use has to be made of analogy. More 
experimental data, especially such as can be yielded by micromanipula- 
tion, are much required. 
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THE MICROMANIPULATION AND MICRODIS- 
SECTION OF THE MOLLUSCUM CONTAGIOSUM 
INCLUSION BODY. 
C. E. VAN ROOYEN. 
From the Bacteriology Department, Edinburgh University. 
(PLATES XXXVI. -XL.) 
THE infectivity of molluscum contagiosum as well as the 
characteristic inclusion bodies associated with the disease were 
first described (separately) by Henderson and Paterson of Edinburgh 
in 1841. Ever since the discovery of these large cell inclusions, 
many views have been expressed as to their probable mtiological 
significance. 
Bateman (1817), who originally recognised the disease as a clinical 
entity, believed that the caseous material which exuded from the nodular 
swellings represented a form of secretion. Virchow (1865) believed that 
the little swellings were enlarged sebaceous glands, Unna (1896) and 
others that they arose from cells which had proliferated from the 
malpighian layer of the epidermis. Lipschutz (1911) studied the Henderson - 
Paterson inclusion body (molluscum body) and found that it contained 
countless minute, non -motile, spherical bodies of about 0.25 µ diameter. 
These he called Strongyloplasma hominis and maintained that they were 
a form of protozoal parasite and responsible for the disease. von Prowazek 
(1911) also found elementary bodies. Neisser (quoted by Joseph and 
van Deventer, 1906) made similar observations and came to the same 
conclusion. Joseph and van Deventer however disbelieved the parasitic 
theory and regarded the molluscum body as a hyaline or colloid 
degenerated .cell, 
The infective agent of molluscum contagiosum has repeatedly been 
proved to be filterable. Juliusberg (1905) showed that it passed through 
the Chamberland filter, the filtrate when inoculated into the human subject 
reproducing the disease after an incubation period of 50 days. Wile and 
Kingery (1919) demonstrated its ability to pass through the Berkefeld filter 
and found the incubation period to be 14 -25 days. Findlay (1930) succeeded 
in filtering infective material through the Berkefeld V and Chamberland Ll 
candles and reported the incubation period to be 5 weeks. 
At the present time therefore molluscum contagiosum may be 
regarded as a typical example of a virus disease. The infective 
agent is readily filterable, the disease exhibits a distinct incubation 
period and the lesions in epithelial cells are accompanied by the 
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formation of large cytoplasmic acidophile inclusion bodies. More- 
over the latter have been shown by Lipschutz and by von Prowazek 
to contain innumerable small granules which are now accepted as 
typical elementary bodies resembling those found in vaccinia by 
Buist in 1887 (see Gordon, 1937 ; Mackie and van Rooyen, 1937) 
and in other virus diseases. 
Goodpasture and King (1927) have reinvestigated the develop- 
ment of the molluscum inclusion body by means of stained sections 
and smear preparations and have arrived at the following conclusions. 
` The main factor in the hyalinization of the intracellular mass is 
desiccation. The hyaline oval masses formed by a coalescence of granules 
and cytoplasm constitute the mature " molluscum bodies " of Henderson 
and Paterson. They are not formed by a sort of keratinization as sug- 
gested by Lipschutz, but by fusion and desiccation of the elementary 
bodies and the intervening cytoplasm. 
` It is evident from our preparations that the particles which appear 
to be extruded from the nucleus have no part in the composition of the 
elementary bodies, but dissolve and become a part of the basophilic 
cytoplasm which has a central position within the cell. It is within this 
altered cytoplasm that the vacuoles develop, about which and eventually 
within which tiny bodies occur having no counterpart among the 
cellular constituents. Mitochondria play no part in the formation of the 
elementary bodies. In fact the elementary bodies constitute, from all 
cytologic appearances, a new substance which increases enormously in 
bulk in the affected cells, and not by accretions to the size of individual 
bodies, but by a proliferation of innumerable bodies of uniform size, 
form, and staining qualities. The cytologic changes are in every way 
consistent with an active growth of a very minute living microorganism. 
Smear preparations, made by stroking a glass slide over the pearly core 
of a lesion moistened with physiologic salt solution, and suitably stained, 
confirm the cytologic appearances of an intracellular microorganism.' 
According to these authors, then, the formation of the molluscum 
body is effected by fusion and desiccation of the elementary bodies 
and intervening cytoplasm of the affected cell. The process 
moreover takes place without the formation of a membrane covering 
the inclusion body. 
Findlay in his excellent and comprehensive review of the 
literature of this subject, makes the following further reference to 
the absence of a membrane encircling the molluscum body. 
" The development of these molluscum bodies has recently been re- 
investigated by Goodpasture and King (1927), whose description corre- 
sponds very closely with the account of the development of the virus 
inclusions in fowl -pox given by Ludford and Findlay (1926), except that 
in human molluscum contagiosum the virus vacuoles do not acquire a 
lipoid coat." 
THE PRESENT INVESTIGATION. 
The work was carried out with material obtained from ten cases 
of molluscum contagiosum under treatment by Drs Percival and 
FIG. N. A view of the dissecting chamber from above, cover -slip removed. 
Fm. M. Microscope tilted at an angle in order to display the two adjustment screws 
of the foot -plate centring device. 
Flo. O. Shows the dissecting needle clamped in its holder and secured to the 
manipulator on the right -hand side. 
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Peterkin of the Dermatological Department of the Royal Infirmary 
of Edinburgh. The freshly obtained material was stained with 
vital dyes and the cells subjected to microdissection with fine 
glass needles. By micromanipulation of living tissues, it has been 
possible to detect certain morphological features and details of 
structure which are unappreciable in fixed and stained preparations 
(fig. 1). 
In a short publication such as this, it is impracticable to give 
a full account of the design of micromanipulator used or the methods 
by which the needles were fashioned and the instrument operated. 
For fuller details reference should be made to one of the standard 
treatises dealing with the theory and practice of micromanipulation 
(Chambers, 1918, 1921, 1922a, 1922b, 1922 -23, 1923 ; Péterfi, 1928 ; 
Howland and Belkin, 1931 ; Schouten, 1936). 
The following account summarises the principal features of the 
apparatus employed by the writer, including details of accessories 
designed by himself to meet his own requirements. 
Details of instrument. 
The micromanipulator. Standard Janse and Péterfi (Zeiss) micro - ( M. L...) 
manipulating instrument, comprising right and left hand operating stands. ®® 00 
Each of the latter was fitted with 7 adjustments, 4 coarse and 3 fine, so l 
qc" 
th at the point of the glass needle attached to each arm was capable of \ 
vertically, horizontally and in the arc of a circle. Each glass ) / 
dissecting needle was mounted on a specially designed metal holder which 
was fastened to the actuating limb of the manipulator. The holder consisted 
of a cylindrical brass rod 7.5 mm. in diameter and 20 mm. in length, through 
which a hole was drilled in an eccentric position. A piece of brass tubing 
was now fitted into this hole and welded into position and the glass dissecting 
needles were inserted into the lumen of the brass tubing and secured with 
a clamp. With metal needle holders such as these it was possible to set the 
needle at any desired length as well as to rotate the needle point through a 
complete circle. The radius of the latter varied with different needles 
but was generally about 1.5 mm. in diameter. 
The microscope. Watson's Patna instrument fitted with a universal 
stage permitting rotating and eccentric movements, rack -work draw tube, 
and centring nosepiece for objectives. Substage equipment. Centring sub- 
stage with coarse and fine adjustments, iris diaphragm and Leitz long -focus 
condenser possessing focal intercepts of 15 mm. Objectives. Watson in., 
Leitz 6L and Zeiss 8 mm. apochromatic, and Watson 2 mm. holoscopic 
objectives. Eyepieces. Watson holoscopic X 10 and X 20, Zeiss X 12 and 
X 25 and Huyghenian X 8 and X 10 eyepieces. 
Microscope foot - plate- centring device. This was devised in order to afford 
a method by which the whole microscope could be moved either horizontally 
or vertically without altering the position of the dissecting needles relative M 
to each other or to the field above them. The instrument was constructed 
of two smooth plain metal plates 19 cm. long, 17 cm. broad and 4 mm. thick 
which moved over each other on ball- bearing surfaces. The lower plate 
was secured to the dissecting instrument bedplate, the upper movable part 
to the foot plate of the microscope, and the motions of the upper half were 
controlled by means of milled- headed metal screws. This device made it 
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possible to bring the optical axis of the microscope over the dissecting needles 
With ease. Thus both the needle points could be centred simultaneously 
without touching the micromanipulating stands, or moving the film of cells 
(above the needles) placed on the dissecting chamber coverslip. The latter 
was controlled by the mechanical stage. 
Dissecting chamber. This was constructed from glass according to the 
author's own requirement and was not of standard pattern. It consisted 
of a glass slide 76 mm. long, 37 mm. wide and 1.1 mm. thick, on which was 
cemented together a rectangular glass chamber 20 X 30 mm. constructed of 
two sides 35 mm. long, 7 mm. deep and 4 mm. wide and two lateral walls 
20 mm. long, 2.5 mm. deep and 2.5 mm. in width. 
Two glass " troughs " were also provided along the lateral border of 
the chamber into which water was placed in order to maintain a sufficient 
degree of moisture within the chamber during dissection. 
Technique. 
Glass coverslips 38 mm. long, 31 mm. broad and 0.14 mm. thick were 
cleaned by boiling in a mixture of potassium bichromate solution and 
sulphuric acid, washed with water, placed in methylated spirit for 1 hour, 
removed and dried with a silk cloth. The surface of the coverslip was then 
treated with a few flakes of trilaurine which was rubbed into the glass with 
an artist's paper pencil. The coverslip was subsequently passed rapidly 
through the bunsen flame three times, placed on the laboratory bench and 
the excess of grease wiped off its surface with a silk rag. 
A fresh moist fragment of molluscum tissue about 1 mm. in diameter 
was now placed at one end of the coverslip and uniformly spread over the 
surface by crushing it with the edge of a 3 in. x 1 in. glass slide. 
While the smear was still moist one drop of a 1 : 10,000 dilution of 
brilliant cresyl blue in ,0.86 per cent. saline was placed on the film and gently 
allowed to flow over it. The coverslip was next picked off the laboratory 
bench and the film placed inverted over the dissecting chamber. Next 
both manipulating needles were accurately centred in the field so as to 
take up a position slightly below the level of the film without actually touching 
it. Both lateral openings through which the needles passed into the dissecting 
chamber were now sealed up with vaseline and the interior of the cavity 
made air -tight. Any minor adjustments to the position of the substage 
condenser, iris diaphragm and reflecting mirror were made at the same time. 
Prior to commencing micromanipulation the in. objective and X 10 
ocular were placed in position, the light adjusted to maximum intensity and 
a suitably stained group of molluscum bodies manoeuvred into the centre 
of the field. At this stage both dissecting needles should be lying about 
250 below the level of the film and should not be permitted to establish 
contact with the wet surface of the film. The needles were next elevated 
vertically until the point of each became just recognisable as a blurred 
image in the field. 
To facilitate the latter operation the N.A. of the condenser was decreased 
by closing the iris diaphragm slightly, in order to give greater depth of focus 
and to render both needle points and cells lying above them more easily 
visible. The needle points, which should be close to each other, were 
re- centred in the field and the cell or group of cells to be dissected moved 
so that they lay immediately above the needles. The 6L (Leitz) objective 
and X 10 eyepiece (total magnification 450) were now substituted for the 
others and the dissecting needles gently raised and adjusted so that one 
needle lay immediately beneath the cytoplasm and the other below the 
inclusion body (fig. 2). A drop of cedar -wood oil was placed on the coverslip, 
FIG. L. Shows the general lay -out of the components illustrated in Figs. M, N and 0, and a iew of the e luipment 
employed by the authors. 
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the 2 mm. holoscopic oil immersion objective and x 10 holoscopic (Watson) 
compensating ocular placed in position, and the cell, inclusion body and 
two needles below were re- focussed and re- centred if necessary. The needle 
below the cytoplasm was now gently elevated so that it first touched the 
cytoplasm, next firmly pressed it against the coverslip and finally penetrated 
it (fig. 2). A little lateral movement of the needle tended to facilitate the 
final step of the last manoeuvre. The cell wall was now firmly impinged 
against the glass coverslip and made immovably fast so that the work of 
tearing the inclusion body out of the cell could be proceeded with. The 
needle lying below the inclusion body was elevated and manoeuvred as 
previously so that the point of the needle was first made to incise the cytoplasm 
covering the inclusion body (fig. 3), and later to come into contact with its 
under side. By gentle traction the inclusion body was extracted from the 
cytoplasm (fig. 4), the line of force lying in a direction opposite to that 
exerted by the " steadying " needle. Before removing the molluscum body 
from the cell the position of the nucleus was determined if possible. This 
usually appeared as a vacuolated, degenerate structure huddled against one 
side of the cell wall, but in many of the infected cells no nucleus could be seen. 
Observations on, the cytoplasm of the infected epithelial cell. 
Observations under 1000 magnification suggested that the 
molluscum body occupied a potential cavity within the cell (fig. 5). 
After its removal there was no tendency for the protoplasm to 
flow into this hollow space, which appeared to be surrounded by a 
" wall " of condensed protoplasm. Moreover it was possible to 
insert a blunt needle point into the cavity and to explore its 
boundaries, but it was never possible to show the presence of a 
definite lining wall or membrane. The wall of the cavity, however, 
could be punctured with a sharp needle and the protoplasm then 
flowed into it through the artificially created communication. 
Measurements of the cavity (fig. 6) and of the inclusion body 
extracted from it showed that they were almost the same size. 
For example in the case of an oblong epithelial cell measuring 
60 X 45 µ and containing an oval molluscum body of 30 -35 p, diameter 
(fig. 7), the cavity left after removal of the latter was found to be 
approximately 36 -37 p. in diameter. Only rough measurements of 
the size of the inclusion body cavity were practicable, because this 
hollow socket, being curved, possessed several dimensions and 
the figures stated could only be regarded as approximate. 
These observations were repeated on 25 different cells derived 
from 10 cases of molluscum contagiosum. On each occasion it 
was possible to show that a large hollow cavity remained in the 
cell after the molluscum body had been removed. Occasionally 
it was possible to extract the inclusion body from the cell with 
the tip of the needle, replace it in the cavity and again remove it 
without either damaging the cell structure or destroying the 
inclusion body cavity. The existence of this hollow cavity was 
further demonstrated by the injection into it of indian ink particles 
and by means of dark- ground illumination. 
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Injection of carbon particles into the inclusion cavity. 
The indian ink used was first filtered and then centrifuged at 
3000 r.p.m. for 30 minutes. After withdrawing the inclusion 
body from an epithelial cell, the sharp -pointed needle was discarded 
and there was substituted a hollow glass pipette possessing a lumen 
of about 2 p and an external diameter of about 2.4 µ. The pipette, 
filled with indian ink, was inserted into the cavity and the ink 
discharged into it. By this method it was possible to fill the cavity 
with carbon particles and to demonstrate that there was no tendency 
for them to flow into the adjacent cytoplasm. By rupturing the 
cavity wall, however, the ink was made to flow into it. The 
boundaries of the cavity were also delineated by injecting indian 
ink into the cytoplasm so that the ink outlined the margins of 
the cavity but did not enter it- unless it was punctured with a 
needle point either before or after introducing the ink. 
Observations with dark -ground illumination. 
When an epithelial cell containing an inclusion body was 
examined under dark -ground illumination, both the cytoplasm and 
the mollúscum body appeared to be full of refractile particles, but 
when the inclusion was removed from the cell, a vacant semi - 
translucent space was left where previously the inclusion body 
had lain. Again there was no evidence of a lining membrane. 
The refractile granules within the cytoplasm were closely 
compared with those inside the molluscum body and a number 
of significant differences were detected. From their histological 
studies Goodpasture and King concluded, that the epithelial cell 
contains myriads of elementary bodies measuring about 0.25 y. 
in diameter. The writer, however, believes that the majority of 
the refractile particles evident within the cytoplasm of the epithelial 
cell are probably minute vacuoles or protoplasmic granules and 
not true elementary bodies. His reasons for this assumption are 
the fact that the refractile particles in the cytoplasm range from 
0.5 to 3.5 ji in diameter, whereas the stained molluscum elementary 
body is remarkably uniform in size -0.3 tc by mensuration and 
0.35 tc when estimated by micrometric extinction (van Rooyen, 
1937). By exerting pressure on the cell and exploring its contents 
by inserting a needle, many of the refractile spots in the cytoplasm 
could be shown to be minute spaces surrounded by concentric 
diffraction rings. 
Similar examination of the molluscum inclusion body showed 
that its structure was entirely different, for it contained numerous 
refractile particles which in shape, size and degree of refractility 
were identical with typical virus elementary bodies (fig. 11). Some 
additional evidence in support of this contention was derived from 
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PLATE XXXVI 
Fro. 1.- Molluscum contagiosum: section of skin lesion showing numerous intracytoplasmic 
inclusion bodies which appear black. Mann's stain. X 600. 
Flo. 2.- Photomicrograph of an infected 
epithelial cell containing a large 
molluscum body. The cell is about to 
be microdissected ; the lower needle 
point has been inserted into the cyto- 
plasm in order to steady the cell, 
the other needle is lying below the 
molluscum body. It occupies a lower 
plane and is therefore not clearly visible. 
X 700. 
Frc. 3. -Both dissecting needles are now in 
focus, one being placed in the cytoplasm, 
the other in the inclusion body. Slight 
traction has been exerted upon the 
molluscum body, which has moved its 
position slightly. X 700. 
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FIG. 4.- Molluscuni body (right) after realoval 
from the cell (left). x 700. 
FIG. 6.- Higher magnification, showing the 
cytoplasm of the epithelial cell accurately 
in focus, clearly revealing the oval cavity 
from which the molluscum body has been 
extracted. The body itself is lying at a 
lower focal plane and being out of focus is 
surrounded by diffraction rings. X 1000. 
PLATE XXXVII 
FIG. 5.- Photomicrograph taken shortly after 
the removal, by microdissection, of a 
molluscum body from an epithelial cell. 
Note the pear -shaped contour of the body, 
the membrane surrounding it and the thin - 
walled " cap " at the upper pole. Also 
observe suggestion of a cavity in the cell. 
X 500. 
FIG. 7.- Similar to fig. 6, but showing the 
molluscum body carefully focussed, the cell 
out of focus and now lying in a higher 
optical plane. Note pear -shaped outline 
of the molluscum body, with broad, thick - 
walled segment above and thin - walled 
projecting pole below. x 1000. 
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FIG. 8.- Higher power view of a molluscum body on FIG. 9. - Photomicrograph of a 
the tip of the dissecting needle. Observe the trans- molluscum body taken immedi- 
lucent pole (above) and the more opaque, denser ately after its membrane was 
lower portion. X 1680. incised with the dissecting needle. 
Note commencing diffusion of 
small fragments into surrounding 
fluid. X 500. 
FIG. 10.- Similar to fig. 9, but taken at FIG. 11.- Photomicrograph of 4 molluscum inclusion 
a slightly different level of focus. Note bodies taken with dark -ground illumination. 
undissected molluscum body alongside. Observe the highly refractile granules (virus bodies) 
X 500. within them. From a fresh, wet, unfixed and 
unstained preparation. X 600. 
PLATE XiXIX 
Fie. 12. -Film from a molluscum lesion stained by Paschen's method for elementary 
bodies. Observe the enormous number of these minute virus bodies, also the 
large molluscum inclusion body in the left upper quadrant. )< 1200. 
Fin. 13.- Effect of compressing a molluscum body with a micro- needle against a 
coverslip. The needle is pointing obliquely upwards. The contents tend to 
herniate through the conical pole, thus revealing its structural weakness. X 1100. 
FIG. 14.- Demonstrates the mechanical strength of the lateral walls of the 
molluscum body by compressing it between the sharp point of a needle and 
a flat micro -spatula. Note the lighter staining " cap " or tapering pole. X 1100. 
FIG. 15.- Reveals the ease with which the needle point can be inserted into the 
interior of the molluscum body through the weak conical pole. The membrane 
at this point offers no resistance to the pressure of the needle. X 1100. 
FIG. 16. -Two micro -needles have transfixed a molluscum body at either extremity 
and then been pulled apart. Observe the low tensile strength of the thin wall 
of the conical pole and its tendency to break. X 1100. 
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PLATE XXXIX 
FIG. 13. 
Fix:. ]5. FIct 16. 
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PLATE XL 
FIG. 17. -Shows the internal contents of a molluscum body in process of removal 
with the point of a dissecting needle. The contained material tends to be 
mucoid in consistency and adheres to the point of the needle. The minute 
elementary bodies are only just visible in the gelatinous matrix surrounding 
them. After removing this jelly -like substance, the empty " shell " of the 
molluscum body loses its former segmented internal appearance. X 1100. 
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FIC. 18. -Film stained by Paschen's method, showing numerous molluscum 
elementary bodies which have been liberated from a ruptured inclusion body. 
x 1100. 
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observations made on films prepared from molluscum lesions and 
stained by Paschen's method for elementary bodies (fig. 12). These 
showed that the majority of the elementary bodies were distributed 
in the vicinity of ruptured molluscum inclusion bodies, whereas 
they were often absent in the neighbourhood of fragmented epithelial 
cells. 
To summarise, the molluscum inclusion body appears to be a 
structure entirely independent of the cytoplasm of the infected 
epithelial cell in which it lies. It can be freely withdrawn from 
the cell, leaving a cavity of corresponding size, and it does not 
seem to be attached or adherent in any way to the cell protoplasm. 
Dissection of the molluscum body. 
Having removed the inclusion body from the cell with the 
point of the needle (fig. 7) the other needle (which was placed in 
the cytoplasm of the cell) was withdrawn from it and also inserted 
into the molluscum body. Before commencing dissection of the 
inclusion bodies, 20 of them were measured. The smallest forms 
tended to be circular, varied from 9 to 24 p. in diameter, and were 
surrounded by a wall of uniform thickness which usually measured 
from 0.5 to 0.75 p, in width. The largest bodies were oval or pear 
shaped and varied from 24 to 27 p, in width and from 30 to 37 p. 
in length. They were each surrounded by a membrane which was 
about 0.7 p, thick at the broad pole of the body and 0.15 p. thick 
at its conical pole (fig. 7). Extreme care was taken in making 
these measurements to eliminate the possibility of optical error. 
Thus every possible precaution was taken to ensure conditions of 
critical microscopy such as uniform lighting of the field, accurate 
centring of objectives, condenser and lamp filament and use of the 
optimum draw -tube length. 
When examined under a comparatively low power magnification 
the molluscum body appears as a hyaline, homogeneous, red - 
staining body devoid of any particular internal structure. When 
fresh molluscum bodies were stained with a vital dye, however, 
such as brilliant cresyl blue, a definite structure could be seen. 
Observations on the undissected 'inclusion body suggested that it 
contained internally a portion occupying about three - quarters of its 
length filled with densely staining material and a thin- walled, conical, 
more lightly stained segment or " cap " (fig. 8), the existence of 
which could be demonstrated in the following ways.* 
1. When the short axis of the inclusion body was compressed 
* For these observations a good 2 mm. apochromatic oil immersion objective 
and x 20 compensating ocular were used in conjunction with a short filament, 
low voltage and high intensity source of illumination ; a light blue or green ground 
glass filter was also employed with advantage. During the course of these 
observations the substage condenser diaphragm was closed slightly in order to 
provide greater depth of focus. 
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against the flattened edge of a micro- spatula and a sharp needle 
was pushed into the opposite side the needle bent before puncturing 
the cell (fig. 14). 
2. The rounded, blunt extremity of the inclusion body appeared 
to have the thickest wall and when the cell was compressed in its 
long axis, the thin- walled cap tended to flatten out against the 
micro -spatula as pressure was applied with the needle from the 
blunt end : thereafter the needle point bent and finally the cell 
wall yielded inwards. 
3. When this procedure was reversed and the flat edge of the 
micro- spatula was applied to the blunt extremity and the needle 
point placed against the cap a different sequence of events was 
observed when force was exerted. The needle point immediately 
and easily penetrated the thin cap of the inclusion body whilst 
the thicker, broader segment remained firm and rigid against the 
face of the spatula (fig. 15). 
4. If the inclusion body was picked up between the points of 
two needles and allowed to rotate between them the presence of the 
cap could be detected as the inclusion body altered its axis in the field. 
5. By compressing the inclusion body against the under side 
of the coverslip with a broad needle about 10 p in diameter the cap 
could be caused to bulge (fig. 13) and finally to burst. By gradually 
increasing the pressure the contents of the body were forced out 
through the breach. 
6. When the inclusion body was transfixed at either pole with a 
sharp pair of needles and then pulled apart (fig. 16) the low tensile 
strength of the cap was immediately apparent: Shortly before the 
body was torn asunder it was noticed that the line of cleavage first 
appeared at the conical pole and later the cell threatened to divide 
at its uppermost portion. The membrane of the lower (broader) 
segment tended to remain rigid and usually resisted tearing when 
subjected to stretching in this manner. 
Thus after a series of optical and mechanical tests performed 
on the molluscum inclusion body the evidence proved the existence 
of thin -walled and thicker -walled poles. It should be clearly 
understood, however, that this only applies to bodies which were 
oval or pyriform in contour. The smaller circular inclusions 
appeared to possess a wall of uniform thickness. There is no 
evidence to show whether the size and shape of these bodies is 
related to their age and degree of development, and if so, which 
of the two represents the later stage of growth. 
The contents of the molluscum body. 
Before incising the wall of the inclusion body it was photographed 
by dark -ground illumination and found to contain numerous 
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refractile bodies closely resembling in shape, size and degree of 
refractility the Paschen bodies of vaccinia and other virus diseases. 
These elementary bodies were not easily photographed in situ, 
for the surface of the living molluscum body is curved, it possesses 
a membrane of varying thickness and, as will be referred to later, 
the elementary bodies are embedded in a fluid matrix. Fig. 11 
shows four molluscum bodies containing elementary bodies in their 
interior. These are necessarily indistinct because the elementary 
bodies lying immediately above and below the optimum plane of 
focus tend to introduce shadows into the field and impair the 
crispness of the images in focus. When stained by intra -vitam 
dyes such as brilliant cresyl blue, the molluscum body presented 
a mottled appearance as though it were segmented internally into 
a series of compartments. von Prowazek (1911) and Goodpasture 
and King (1927) have depicted this appearance but make no 
suggestion as to its nature. Later an explanation of this appearance 
will be offered. 
The dissection of the molluscum body was proceeded with by 
first transfixing it with one sharp needle and then incising the cell 
membrane with the other (figs. 9 and 10). The body cavity was 
then explored by passing the " tearing " needle into its interior and 
manoeuvring it in such a manner as to facilitate the escape of the 
contents. Careful examination of the escaping material showed 
it to consist of innumerable elementary bodies, apparently held 
together by a gelatinous, mucoid material which slowly diffused 
throughout the surrounding fluid (figs. 17 and 18). This jelly -like 
material readily adhered to the needle points. 
The markings on the molluscum inclusion body were therefore 
believed to be due to an optical effect, the result of the passage of light 
through a globoid, semi-translucent envelope filled with viscid fluid 
throughout which numerous dense, highly refractile particles were dis- 
persed. The appearance of compartments and whorls arose, in the 
writer's opinion, from varying degrees of density in the gelatinous 
fluid within the inclusion body and conceivably also from the 
effect of unevenly dispersed elementary bodies within that material. 
Fig. 12 shows a smear made from a molluscum lesion stained by 
Paschen's method for elementary bodies. Numerous elementary 
bodies are seen in close proximity to a ruptured molluscum inclusion 
body. 
DISCUSSION. 
The inclusion body of molluscum. contagiosum is generally 
regarded as a typical example of the inclusion bodies found in virus 
diseases, but from the present studies it would be incorrect to 
assume that this is so. The methods of investigation here described . 
have not yet been extended to other virus diseases and until this 
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is done, the present findings must necessarily refer only to the 
molluscum inclusion body. It remains to be seen whether or not 
further micromanipulation studies will reveal that the structure 
of other virus inclusions, such as the Bollinger, Guarnieri and 
Marchai bodies, is identical with that of the molluscum body. 
Goodpasture and Woodruff (1931) have already carried out 
comparative micromanipulation studies on the Bollinger body and 
the molluscum body. They found that the molluscum body could be 
freed from the surrounding epithelial cells by tryptic digestion, but 
that it then became sticky and gelatinous so that it could not be 
manipulated, readily with the Chambers microdissection apparatus. 
The writer has likewise failed to microdissect with the Chambers 
apparatus molluscum inclusion bodies which had first been digested 
with trypsin. By means of the Janse -Péterfi type of instrument, 
however, and the use of fresh tissues stained intra vitam with brilliant 
cresyl blue, it was possible to examine the molluscum body under 
natural conditions and to preserve those finer morphological details 
which are unavoidably lost in digested tissues. This work has 
confirmed earlier knowledge of the molluscum body with regard 
to the elementary bodies contained within it and has also drawn 
attention to additional facts concerning its structure. Thus it 
has been shown that the inclusion body can be extracted from the 
epithelial cell without disintegration of the latter. There is no 
evidence of any connection between the two and the lining of the 
cavity which remains appears to be formed by a localised proto- 
plasmic condensation which can be punctured and broken down 
with a needle. 
Goodpasture and King have suggested that the main factor 
responsible for the production of the molluscum body is desiccation 
and fusion of smaller vacuoles within the cytoplasm of the infected 
cell. The writer can find no evidence which supports this view. 
Indeed there is no evidence that the cytoplasm in any way 
participates in the composition of the molluscum body. About 
one hundred inclusion bodies have been examined, and every one 
from the smallest to the largest has appeared as a totally independent 
structure within the cell. The writer believes that the inclusion 
grows from the elementary body after it enters the cell. He does 
not believe that it is formed from the vacuoles so commonly seen 
in the parasitised epithelial cell. These are more probably formed 
as a result of degenerative changes due to interference with cell 
metabolism by the growth of the parasite within it. It is also 
conceivable that many of these vacuoles may represent elementary 
bodies which have been destroyed by intracellular ferments. 
The pear- shaped contour of most of the molluscum bodies and 
the semi -translucent " cap " at the conical extremity are of con- 
siderable interest. This cap is demonstrably the thinnest part 
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of the body wall and rupture with liberation of the contained 
elementary bodies can be more easily effected here than at any 
other point. 
It is suggested that the large pear- shaped molluscum body 
represents the most fully advanced developmental stage of the virus, 
in contradistinction to the smaller spherical inclusions which have 
a membrane of uniform thickness surrounding them. 
Whether or not the possession of a thin -walled conical pole 
should entitle the molluscum inclusion body to be placed in a 
category separate from the inclusions of other viruses cannot be 
determined. From the evidence presented it is interesting to 
record that in some respects, in miniature, the molluscum body 
resembles the general structure of a fungus sporangium. Further 
work on this aspect of the subject is in progress. 
CONCLUSIONS. 
1. Fresh material obtained from ten cases of human molluscum 
contagiosum has been stained intra vitam with brilliant cresyl blue 
and subjected to microdissection. 
2. The molluscum inclusion body has been successfully removed 
from the infected epithelial cell. It has also been replaced in the 
same cell without injuring the latter. 
3. The removal of the molluscum body leaves a large cavity 
in the cell. The cytoplasm does not flow into this space, the cavity 
being apparently lined by a localised condensed layer of cytoplasm. 
4. The boundaries of this cavity have been defined by injecting 
indian ink into it or alternatively by introducing indian ink into 
the surrounding cytoplasm. 
5. About one hundred molluscum bodies from the smallest 
to the largest have been removed from the containing epithelial 
cells by microdissection and in no case was there any evidence of 
attachment between body and cytoplasm. 
6. The molluscum body probably grows from a more minute 
form of the virus. It is not formed by desiccation nor by fusion 
of any intracytoplasmic constituents of the cell. 
7. It is suggested that the large oval or pear- shaped forms of 
the molluscum body represent a later stage of development than 
the smaller spherical ones. 
8. The large pear -shaped inclusions have been shown to possess 
a definite outer membrane which is thinnest at the conical pole. 
These observations have been established by demonstrating the 
tensile strength of the membrane on " palpation " with the point 
of a micro -needle. The weakness of the conical segment has also 
been revealed by transfixing the inclusion body between two 
needles and exerting traction on its walls. 
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9. The elementary virus bodies contained within the molluscum 
inclusion body have been shown to be supported in a gelatinous 
mucoid substance. 
I desire to express my indebtedness to Professor Mackie, at whose 
instigation this research was carried out and to whom I am indebted for 
much constructive criticism and help. The work has been done with the 
aid of an expenses grant from the Medical Research Council. The cost of 
the expensive apparatus was defrayed by a grant from the Sir Halley Stewart 
Trust of London. 
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SOME CYTOLOGICAL FEATURES OF VACCINIAL 
K.ERATITIS IN THE RABBIT. 
A. J. RHODES and C. E. VAN ROOYEN. 
From the Department of Bacteriology, Edinburgh University. 
(PLATE XXXII.) 
THE morbid histological appearances following inoculation of the 
rabbit's cornea with vaccinia virus have been described by several 
workers. 
Guarnieri (1892) drew attention to the existence of acidophilic inclusion 
bodies within the epithelial cells of the cornea. His work has been confirmed 
by von Prowazek and Miyaji (1914 -15), Ungermann and Zuelzer (1920) 
and Paul (1914 -15, 1917 -18), who utilised the pathogenicity of human 
variolous material for the rabbit cornea as the basis of a test for the differential 
diagnosis of variola from varicella. Later Goodpasture, Woodruff and 
Buddingh (1932) investigated the nature of these inclusions and suggested 
that they were composed of an aggregation of smaller particles known as 
elementary or Paschen bodies, which represented the ætiological agent of 
the disease. Haagen and Kodama (1934 -35) on the contrary suggested that 
vaccinia virus multiplies diffusely throughout the cytoplasm of the cell 
and is independent of the formation of the Guarnieri body. Inclusion 
bodies within the cytoplasm of epithelial cells have also been described 
by Schütz (1925 -26) and by Goodpasture et al., who succeeded in cultivating 
vaccinia virus in the chorio -allantoic membrane of the developing chick 
embryo and further demonstrated the presence of inclusion bodies within 
epithelial and fibroblastic cells. Bland and Canti (1935) demonstrated 
the presence of inclusion bodies within the fibroblasts of the developing 
chick embryo during the growth of psittacosis virus in tissue cultivation 
experiments, and Marchai (1930) in the connective tissue cells and endothelial 
cells in the lesions of ectromelia in mice. The nature of the general tissue 
response to vaccinial infection has been extensively investigated by 
Ledingham (1924), who concluded from his studies that the reaction following 
vaccination is primarily reticulo -endothelial in character. Ledingham further 
states that some of the larger inclusion bodies may be nucleolar extrusions. 
During the course of histological observations on vaccinial 
keratitis the authors have repeatedly observed the appearance of 
acidophilic granules in situations other than those hitherto described. 
The present investigation has been carried out with the object of 
elucidating the precise nature of these granules. 
Methods. 
A laboratory strain of vaccinia virus originally isolated from a case of 
alastrim by Professor Tulloch was used. It had been maintained by 
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frequent intratesticular passage through rabbits. 0.1 c.c. of desiccated 
testis suspended in saline was active to an end titre of 1 : 1,000,000 dilution. 
Rabbits 3 to 6 months old were lightly anansthetised, the right cornea scarified 
with a sharp needle and 0.1 c.c. of a 1 : 10 broth suspension of vaccinia virus 
instilled into the conjunctival sac. The animals were killed at varying 
intervals and the cornean dissected out. Controls were also examined. 
Tissue was fixed in Helly's fluid and embedded in paraffin and sections 
15 -20 p, thick were cut and stained by Ford's modification (1934) of Mann's 
method. 
The time factor in the formation of inclusion bodies. 
In nine 3- months -old rabbits so treated a chain of events 'could 
be traced from the first to the thirteenth day following vaccination. 
After 48 hours, typical Guarnieri bodies were found in the cytoplasm 
of the corneal epithelial cells. These bodies were either homo- 
geneous or granular in composition, the latter appearing to consist 
of an aggregation of highly refractile granules when viewed by dark - 
ground illumination (cf. figs. 4 and 5). Guarnieri bodies increased 
in numbers up to the sixth day and measured from 2.5 to 3.3 p. 
in diameter. After this time the corneal epithelium was extensively 
denuded, making further study impossible. 
Forty -eight hours after inoculation there were also observed 
small granules within the corneal epithelial cells. They measured 
from 0.34 to 0.68 p. and bore a resemblance to the granules described 
by Ungermann and Zuelzer, being diffusely scattered throughout 
the cytoplasm. 
Similar changes were noted in the underlying substantia propria. 
From the first day onwards, many of the fibroblasts in the most 
superficial layers were seen to contain acidophilic granules (figs. 2 
and 3). With Mann's stain the cytoplasm of the fibroblast appeared 
light blue in colour and the nucleus deeply basophilic. The 
granules at first measured 0.42 -1.67 p. in diameter. On the fourth 
day and later larger forms made their appearance, many being 
of similar dimensions to the true Guarnieri body, i.e. 1.67 -3.3 p, 
(figs. 4 and 5). The maximum number of fibroblasts showing 
inclusions was observed from the fifth day onwards. With the 
progress of the infection marked proliferation of fibroblasts occurred 
and inclusion bodies made their appearance in the fibroblasts of 
the deeper layers. Clumps of precisely similar small granules lying 
free in the spaces of the substantia propria were also encountered. 
These increased in size and on the fifth day forms measuring up 
to 3.3 p, were observed. 
Infiltration with polymorphs, exhibiting, by the method of 
staining used, marked eosinophil granularity, occurred from the 
first day. At first the cells were sharply circumscribed and of 
healthy appearance. Degeneration was not noticeable until the 
fourth day, after which many of the polymorphs had broken down, 
with liberation of their acidophilic granules. These tended to 
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obscure the histological features, so that it was impossible to 
distinguish between granules liberated from polymorphs and the 
free granules noted in the initial stages of the infection. 
Inoculation of the cornea by the posterior route. 
To inoculate the posterior surface of the cornea a hypodermic 
needle, bent at an angle of 60 °, was introduced at the limbus, 
0.2 c.c. of aqueous humour aspirated with a syringe and the fluid 
replaced with a similar quantity of a 1 : 10 dilution of vaccinia 
virus suspended in saline. The posterior surface of the cornea was 
then thoroughly scarified with the needle. Two rabbits treated 
in this way were killed after 4 and 7 days respectively. 
Sections of the cornea stained by Mann's method showed that 
the corneal epithelium of both the inoculated and the uninoculated 
eyes was perfectly normal, with neither Guarnieri bodies, free 
granules nor ulceration. Some of the fibroblasts showed inclusion 
bodies and there was slight polymorphonuclear infiltration and 
some desquamation of the endothelial lining of Descemet's 
membrane. 
In general the changes in the substantia propria resembled 
those seen after inoculation by the superficial route, but they 
were present in lesser degree. 
It was found possible to repeat all the foregoing experiments 
with a separate strain of vaccinia virus, a commercial preparation 
of glycerinated calf lymph being employed. 
Examination for elementary bodies. 
A piece of infected cornea was teased out over a clean slide 
which was then placed in distilled water for one minute, dried in 
air, treated with methylated alcohol for 3 minutes, dried in air, 
treated with Löfer's flagellar mordant for 5 minutes (heating 
gently for 1 minute), washed with distilled water and then stained 
with filtered 5 per cent. carbol fuchsin (heating for 1 minute). 
Each slide was examined by direct light for elementary bodies 
and by dark -ground illumination for refractile granules. The 
results showed that scanty elementary bodies were present after 
48 hours and were most numerous from the fifth day onwards. 
It should be noted that the maximum number of elementary bodies 
in films coincided with the time at which the greatest number of 
acidophilic inclusion bodies were observed in fibroblasts. 
Control experiments. 
In order to investigate the appearances produced in the rabbit 
cornea by degenerating polymorph leucocytes a series of control 
experiments was performed on traumatic and bacterial keratitis. 
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Fm. 2.- Rabbit's cornea one day after inocula- 
tion with vaccinia virus, showing acidophilic 
inclusions in fibroblasts, mainly of small size. 
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Fm. 4.- Rabbit's cornea four days after 
inoculation, showing Guarnieri bodies of 
various sizes in the corneal epithelium and 
acidophilic inclusions, both large and small, 
in fibroblasts ; extracellular granules large 
and small ; a few polyrnorphs showing 
commencing degeneration. X 606. 
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Fio. 3.- Higher magnification of saine section : 
note absence of inclusions in corneal epi- 
thelium : a single polymorph is seen. 
X910. 
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Fro. 5.- Higher magnification of same section. 
Note presence of Guarnieri bodies, some 
appearing homogeneous, others granular : a 
few of the former are surrounded by a 
characteristic unstained halo. Note the 
presence of similarly staining bodies in the 
cytoplasm of fibroblasts. X 910. 
All sections stained by Mann's method. 
360 A. J. RHODES AND C. E. VAN ROOYEN 
Appearance of the normal cornea. The corneæ of 25 normal 
rabbits varying in age from 2 to 4 months were cut and stained by 
Ford's modification of Mann's method. No acidophilic granules, 
inclusion bodies nor particles, large or small, were seen in either 
epithelium or substantia propria, nor were eosinophil polymorphs 
present (fig. 1). 
Effect of mechanical trauma. The left corneæ of two rabbits 
were vigorously scarified with a hypodermic needle point and 
0.5 c.c. of broth (similar to that used for the suspension of the 
vaccinia virus in the experiments already described) instilled into 
the conjunctival sac. The first animal was killed after 3 days, 
the second after 5 days. No microscopic differences could be 
detected between the inoculated and the uninoculated eyes, and 
it was concluded that the trauma of scarification prior to inoculation 
did not produce any visible cellular reaction in the corneal tissues. 
Effect of chemical irritation. An endeavour was made to produce 
inflammation of the cornea by means of chemicals. Two rabbits 
were anæsthetised and one eye of each vigorously scarified with 
a needle and next painted with turpentine. After 3 days no visible 
differences could be detected between the eye treated with turpentine 
and the other. The application was accordingly renewed but no 
lesions resulted. Sections made 4 and 7 days after the re- application 
failed to show granules, inclusion bodies or polymorphs. 
Pneumococcal keratitis. A strain of type I pneumococcas 
virulent for mice was used and an acute keratitis was successfully 
produced in two rabbits by the fourth day after inoculation. 
Sections obtained 4 and 7 days after inoculation were stained as 
before. They showed that eosinophilic polymorphic infiltration of 
the cornea is present on the fourth day and still more notably on 
the seventh, when many of the cells show degeneration with libera- 
tion of their acidophilic granules. Such particles usually did not 
exceed 1.6 t in diameter and were approximately of the same 
size as the acidophilic granules occurring within unruptured poly - 
morphs present in the cornea, circulating blood and bone marrow 
of the same animal when stained by identical methods. It should 
be recalled that the largest of the granules in vaccinal infection 
measured 3.3 µ and were present from the fourth day onwards. No 
such large extracellular bodies are found in pneumococcal keratitis. 
Vaccinial keratitis induced in rabbits previously injected 
with benzole. 
Five rabbits were repeatedly injected with large doses of crude 
benzole, but only in one case was it found possible to depress the 
leucocyte count significantly. This rabbit, of 4 lb. weight, was 
injected subcutaneously with daily doses of 4 c.c. of olive oil- 
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benzole emulsion for 3 days. The right cornea was then inoculated 
as before, after which 2 c.c. of olive oil -benzole emulsion were given 
on the fourth day and 4 c.c. on the ninth day, following which 
death occurred. The white cell count on the fourth day was 1250 
per c.mm., and on the ninth day, immediately prior to death, 
625 per c.mm., of which 50 per cent. were polymorphonuclear cells. 
No histological differences were demonstrable : the number of 
eosinophil cells present in the sections appeared to be the same, 
notwithstanding the comparative leucopænia existing in the 
peripheral circulation. 
Attempted agglutination tests. 
Eight vaccinated corneæ were removed on the seventh day 
after infection, a fragment of each retained for histological section 
and the remainder minced with scissors, ground in a mortar in 5 c.c. 
of saline, centrifuged at 1000 r.p.m. for 30 minutes and the deposited 
tissue retained. The supernatant fluid was next centrifuged at 
14,500 to 15,500 r.p.m. for 45 minutes and a part of the deposit 
spread over a thin slide, the rest being fixed in Helly's solution 
and embedded in paraffin. The deposit obtained after the first 
centrifugation was similarly treated. 
Histologically the sections of the 8 corneæ stained by Mann's 
method showed numerous inclusion bodies, but no evidence of 
inclusions could be found in either stained films or sections made 
from the first or second centrifuged deposits. On the other hand 
examination of the same specimens by dark -ground illumination 
showed the presence of countless granules closely resembling the 
elementary bodies of vaccinia in shape, size and degree of refractility 
to light. Films of centrifuged deposit stained by Paschen's method 
also showed large numbers of elementary bodies. 
From these results it was concluded that the acidophilic inclusion 
bodies were readily broken up by the procedure described, and thus 
any attempt to apply an agglutination test was abandoned. 
Use of rabbits previously immunised against vaccinia virus. 
Three rabbits which had been repeatedly inoculated with graded 
doses of live vaccinia virus for a period of over 8 weeks were 
subjected to test. As before, the right eye of each animal was 
thoroughly scarified with a needle and 0.5 c.c. of a 1 : 10 saline 
suspension of desiccated vaccinia testis placed in the conjunctival 
sac. Simultaneously two normal animals were similarly treated, 
to prove the pathogenicity of the specimen of virus used. The 
test animals were killed after 6, 7 and 10 days. Both control 
animals showed gross evidence of a severe keratitis before the sixth 
day and microscopically exhibited the typical changes of vaccinial 
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infection. The immune animals, however, showed no evidence of 
keratitis either naked -eye or microscopically : only a few scanty 
extracellular granules were to be seen in the preparations examined, 
neither Guarnieri bodies nor fibroblastic inclusion bodies being 
present. These results confirm the work of Sobernheim (1925). 
Discussion. 
Following vaccination of the rabbit's cornea a characteristic 
series of pathological changes is induced, the main interest of 
which centres on the presence of acidophilic inclusions in the 
fibroblasts of the substantia propria. We have failed to reproduce 
these inclusions in other varieties of keratitis, whether of mechanical, 
chemical or bacterial origin. 
The question whether they were acidophilic granules which 
had been extruded from degenerate polymorph leucocytes was 
considered, but parallel observations on pneumococcal keratitis 
showed that although eosinophilic infiltration and degeneration 
were present in this type of infection, there were no inclusion bodies 
in the fibroblasts. Also the inclusion bodies were noted as early 
as 24 hours after vaccination of the cornea, long before polymorphic 
degeneration had commenced. 
It is suggested therefore that these structures represent a phase 
in the growth of vaccinia virus in the rabbit's cornea, the more so 
in that they fail to appear in rabbits immunised against the disease. 
Indeed, it is probable that they are colonies of the virus itself, 
for they have been shown to increase from 0.42 to 3.3 µ in diameter 
from the first to the fifth day following inoculation. Critical 
microscopic scrutiny of these structures by direct and oblique 
illumination has revealed . that they are granular in composition 
and closely resemble a mass of vaccinial elementary bodies. This 
hypothesis is supported by data which show that the period of 
infection during which the maximum number of inclusion bodies 
is encountered, invariably coincides with the time at which the 
greatest number of elementary bodies are observed in the same 
tissue. In conclusion, an experiment has been described in which 
it was shown that these inclusions were delicate structures that 
depended for the cohesion of their constituents on the integrity 
of the cell containing them. 
Conclusions. 
1. Some cytological features of vaccinial keratitis in the rabbit 
are described in detail from the first to the thirteenth day following 
vaccination. 
2. The presence of acidophilic inclusion bodies within fibroblasts 
is described. These appear to be a specific feature of vaccinial 
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keratitis and have not been observed in keratitis produced by 
bacterial, chemical or mechanical means. 
3. The significance of these structures has been investigated 
by appropriate methods and arguments in favour of their being 
aggregates of elementary bodies, which constitute the virus itself, 
are adduced. 
4. It has been demonstrated that both Guarnieri bodies and the 
fibroblastic inclusions fail to develop in the corneæ of rabbits 
which have been previously actively immunised against vaccinia 
virus. 
The authors desire to express their indebtedness to Professor Mackie for 
much helpful guidance and constructive criticism. They also wish to thank 
Professor Cappell, Dr Mervyn Gordon and Professor Tulloch for the interest 
they have shown in these investigations. One of us (C. E. v. R.) would like 
to acknowledge his indebtedness to the late Professor Paschen of Hamburg 
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BODY. 
C. E. VAN ROOYEN. 
From the Department of Bacteriology, Edinburgh University. 
(PLATES LXII. -LXIV.) 
Ix a previous publication the structure of the molluscum inclusion 
body was described on the basis of micromanipulation and micro - 
dissection studies (van Rooyen, 1938). . Among the various 
observations recorded it was shown that the body was composed 
of an outer covering or membrane of varying thickness, inside 
which were numerous elementary bodies embedded in a gelatinous 
matrix. The writer has now extended these investigations and 
has succeeded in obtaining some information regarding the 
chemical character of the outer envelope, as well as the relative 
distribution of mineral matter in the different components after 
micro- incineration. 
Tests for glycogen. 
Following the work of Rice (1936) and Thygeson (1938), who 
showed that the inclusion bodies of trachoma gave the iodine 
reaction for glycogen, the writer has applied the same tests to the 
molluscum body, and found that it reacts in a similar manner. 
The results were as follows. 
Reaction to iodine. Films fixed by gently, heating or with 
alcohol, were treated with undiluted Lugol's iodine solution for 
one minute, washed with distilled water and examined under the 
microscope. The inclusions assumed a dark brown colour identical 
with that of liver cells after similar treatment. 
Effect of heat. The brown colour so produced could be made 
to disappear by gently warming the slide and it reappeared on 
cooling. A film of liver tissue similarly treated behaved in a 
similar way ; this suggests that the molluscum body contains a 
substance which is in all probability glycogen or some similar 
carbohydrate. 
The action of saliva. If a film of suitable tissue is fixed by heat 
and treated with fresh human saliva for 24 hours the iodine -staining 
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substance disappears. A control slide exposed for 24 hours to 
saliva which has been previously boiled for one hour shows the 
same appearances as an untreated slide. 
This strongly suggests that the reacting material is carbohydrate 
in nature since it can be removed by exposing it to the action of 
the enzymes, amylase and ptyalin, of saliva. 
Location of the carbohydrate substance. 
Experiments were next made to see if any of the individual 
components of the molluscum body possessed a special affinity for 
iodine. With the aid of a micro- manipulating microscope a fresh 
smear of infected tissues was stained intra vitam by mixing it with 
a weak solution of iodine in saline and placed over a dissecting 
chamber (van Rooyen). A single inclusion was isolated by the 
method originally devised by Schouten (1936) for the isolation 
of single bacterial cells, using a glass micromanipulating needle 
with a loop about 20 -25 p, in diameter at its extremity, to snare 
and pick up any inclusion body selected (figs. 1 and 2). The 
structure was then dissected with sharp needles as previously 
described (van Rooyen) and it was found that only the outer 
covering or envelope exhibited an affinity for iodine ; neither the 
elementary bodies nor the jelly -like matrix in which they are 
embedded seemed to take up the brown colour. The carbohydrate 
substance is thus apparently limited to the outer covering of the 
inclusion and is absent from its contents. I also carried out the test 
recommended by Pringsheim and Krüger (1932) for the microscopic 
detection of glycogen but it gave only a feebly positive response. 
The test for cellulose employed by Ashworth (1922) was also 
attempted, but was negative. 
Micro - incineration studies. 
Molluscum lesions were excised from patients, fixed in a mixture of 
90 c.c. of 3 per cent. potassium dichromate and 10 c.c. of concentrated 
neutral formalin (Gage, 1936), and embedded in paraffin. Serial sections 
4 -7 µ in thickness were floated on absolute alcohol and mounted on special 
heat- resisting glass or quartz slides. Each alternate strip of sections was 
stained by Mann's method for inclusion bodies and the remainder were 
placed in an electric furnace and incinerated without preliminary removal 
of the paraffin. With sections prepared from tissue fixed in Zenker or Helly's 
fixative the paraffin was first removed with xylol and alcohol. The 
section was treated with iodine solution and repeated washing in water to 
remove all traces of mercuric salts and then thoroughly dehydrated with 
alcohol and carefully dried prior to beating. 
The method of heating eventually adopted after a number of trial 
experiments was as follows. Each slide was placed in the cold electric furnace 
and the current switched on for a period of 35 minutes, at the end of which 
the slide had usually reached a dull red heat. The oven was allowed to cool 
and the slide removed. The section usually presented a greyish 'white 
colour to the naked eye. It is not possible to state the precise temperature 
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FIC. 1. 
Fm. 2. 
FIGS. 1 and 2.- Method of removing a single molluscum body with the micro - 
manipulating loop. Fresh preparation stained with Lugol's iodine. X 600. 
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FIG. 3.- Section of molluscum tissue. The large inclusions appear black. 
Mann's stain. x 100. 
Fm. 4.- Section similar to that shown in fig. 1 after micro- incineration ; dark ground 
illumination. Note the white residue of inorganic salts indicating the outline of 
individual epithelial cells and within these the ashed remains of inclusion bodies. 
x 160. 
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FIG. 5. -High power view of molluscum bodies showing their comparatively homo- 
geneous and uniformly staining character. The inclusions fill the entire cell. 
Mann's stain. X 330. 
FIC. 6. -High power view of incinerated molluscum bodies showing the outline of 
the separate epithelial cells and the granular composition of the inclusion 
bodies. Oblique illumination. X 500. 
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reached at the conclusion of 30 minutes' heating, but according to the maker's 
instructions the furnace was claimed to roach 1000° C. in 45 minutes, and it 
is assumed that the temperature employed in these experiments was 600° C. 
at least. For accurate information on the amount of heat required the 
reader is referred to the writings of Gage, who has recommended the following 
successive exposures : 10 minutes at 100 °, 5 minutes at 150 °, 5 minutes 
at 206 °, 5 minutes at 272 °, 5 minutes at 354 °, 5 minutes at 458° and 1 minute 
at 600° C. 
Two microscopes were used, one fitted with a dark - ground condenser, 
the other with an ordinary Abbé condenser ; a comparison microscope if 
available is ideal for the purpose. The first set of stained serial sections 
was focussed under direct light and the immediately succeeding group of 
incinerated sections under the dark -field instrument. It was thus possible 
to compare the appearances of the stained and the incinerated inclusion 
bodies under both low and high powers. 
The results are illustrated in figs. 3 -6. Sections of a molluscum 
lesion stained by Mann's method (figs. 3 and 5) exhibit the typical 
acidophilic molluscum bodies within the cytoplasm of infected 
epithelial cells ; they appear dark in the photographs. 
In the incinerated sections (figs. 4 and 6) the intercellular 
substance has almost entirely disappeared and only the faint outlines 
of individual epithelial cells remain visible, whereas the contents 
can be distinguished as clumps and masses of glistening white 
material within the cells. 
From a comparison of successive serial sections under the high 
power it wine noticed that the stained molluscum body (fig. 5) 
appears as a homogeneous, uniformly staining structure, whereas 
after incineration it consists of a collection of white granular material 
which is highly refractile (fig. 6). This white residue which resists 
heating up to approximately 600° C. is in all probability calcium 
carbonate or oxide,* first on account of its white colour, secondly 
because when a drop of dilute acetic or hydrochloric acid was 
placed on the preparation and watched under the microscope the 
material seemed to effervesce, small bubbles of gas developing, and 
thirdly, when the residue was taken up on a platinum loop, moistened 
with concentrated HC1 and heated in the bunsen flame a brick red 
colour developed in the flame, suggesting the presence of calcium. 
As to the source of this material, the large masses of calcium 
compound inside the cells were obviously the incinerated remains of 
inclusion bodies or their matrix, but it was difficult to tell whether 
this was mainly derived from the outer envelope, from the elementary 
bodies and their matrix within, or from both these sites. 
With a view to obtaining further information on this point, 
a number of stained and incinerated sections were carefully 
examined by dark -ground illumination under a magnification of 
1000. The results showed that whereas the outline of the stained 
inclusions was regular in shape, after incineration they assumed 
* Calcium carbonate is converted to calcium oxide c. 800° C. 
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an irregular outline and seemed to be composed of granular material. 
These appearances suggested that the envelope of the molluscum 
body had disappeared completely after heating and that the 
calcium residue was largely if not entirely composed of the ashed 
contents. However, in order to check this deduction and to be 
certain of the appearance of incinerated elementary bodies, a smear 
preparation was made from fresh tissues known to contain numerous 
elementary bodies, and after heating it was found that they too 
exhibited precisely similar clumps of material in their interior. 
Discussion. 
The facts recorded in this article regarding the chemical reactions 
of the molluscum body following its treatment with iodine are 
similar to observations already reported by Rice and by Thygeson 
concerning the Prowazek -Halberstaedter inclusions of trachoma, 
and suggest that the outer coverings of these two types of inclusion 
body are composed mainly of a carbohydrate substance. It should 
be mentioned however that the molluscum body exhibits a marked 
avidity for iodine and that it seemed to be less easy to remove the 
carbohydrate- reacting properties of the molluscum body by digestion 
with saliva than was found to be the case by Rice and Thygeson 
for trachoma bodies. 
The results obtained after micro -incineration are also in 
agreement with the hypothesis that the outer envelope of the 
molluscum body is largely composed of carbohydrate, since 
after heating to 600° C. no trace of the outer coat could be 
detected. 
It is apparent that the residue remaining is derived from the 
elementary bodies and their matrix within the inclusion, and 
furthermore that these are rich in mineral matter which is in all 
probability calcium. A similar observation has been made in 
connection with the inclusion body of fowl -pox by Danks (1932), 
who found that, after heating, the inclusion bodies appeared as 
aggregations of greyish white particles of ash; These,_ he believed, 
represented the remains of elementary bodies. 
Conclusions. 
1. The chemical reactions of the outer covering of the molluscum 
contagiosum inclusion body have been investigated. 
2. Tests with Lugol's iodine indicate that this envelope is mainly 
composed of carbohydrate which can be largely removed by 
preliminary digestion with fresh human saliva but not by boiled 
saliva. 
3. Aftér micro -incineration the outer covering of the molluscum 
body is burnt off completely. 
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4. The mineral residue of the incinerated inclusion is probably 
mainly derived from the elementary bodies but some may possibly 
come from the matrix in which they are embedded. 
The writer desires to acknowledge his indebtedness to Dr C. G. Anderson 
and Dr S. W. Challinor for many helpful suggestions received during the 
course of the investigations ; also to Prof. Mackie for much constructive 
criticism. The work was performed with the aid of an expenses grant from 
the Medical Research Council. 
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CHAPTER VIII 
SEROLOGICAL TECHNIQUE IN THE STUDY OF 
HUMAN VIRUS DISEASES 
RECENT progress has shown that the immunological characteristics of the 
filterable viruses are analogous to those of the visible bacteria, and many 
serological phenomena -agglutination, precipitation, complement- fixation 
and neutralization tests -as applied to bacteria have been demonstrated 
with viruses. Minor modifications of existing technique as used with 
bacteria are, however, necessary to render such tests suitable for the study 
of virus agents: The principal difficulty, in fact, involves preparation of 
suitable antigens. This is due to the fact that, while bacteria are readily 
cultivable on dead media, viruses can be grown only in presence of living 
cells. Therefore, for certain serological tests it may be .necessary to 
separate the virus agents from the tissues containing them. This may be 
done by differential centrifugalisation and repeated washing of tissue 
extracts, so that suspensions of elementary bodies are prepared. Although 
relatively pure suspensions of elementary bodies are thus obtainable it 
is impossible to eliminate all traces of protein derived from the parasitized 
cells. It is therefore necessary to include a special control in the reactions ; 
this consists of an extract of normal tissue which has been prepared from 
the corresponding organ of the same species as that of the animal infected 
with the virus under investigation. This extract is prepared exactly as 
is that of the infected material. 
For example, if an elementary body suspension obtained from rabbit's 
testicle is to be agglutinated with antivaccinial serum, then the antigen 
control should consist of a saline extract of normal rabbit's testis, which 
has been subjected to the same treatment as the infected tissue. o 
The serum controls demand special attention and sometimes two are 
required for each serum tested. For example, if an antivaccinial serum 
has been prepared by immunizing a rabbit with vaccinia virus cultivated 
on the chorio- allantoic membrane of the chick embryo, then it should be 
controlled with one sample of serum derived from another rabbit after 
immunization with normal chick embryo and a second from a normal 
rabbit. In dealing with homologous tissue, e.g. when a rabbit is actively 
immunized with vaccinia virus cultivated in rabbit testis, a single control 
consisting of normal rabbit serum suffices. 
THE ACTIVE IMMUNIZATION OF ANIMALS AGAINST VIRUSES, 
AND THE PREPARATION OF ANTISERA 
Vaccinia 
Rabbits can be immunized with comparative ease against vaccinia virus. 
A normal animal is inoculated subcutaneously with 0.25 c.c. of a 1: 1,000 
dilution of vaccinia virus contained in desiccated testis. After 3 to 5 days 
a cutaneous reaction develops at the site of injection, and thereafter the 
condition may either generalize (see Douglas, Smith, and Price, 1929), 
or else the lesion may remain localized and subsequently retrogress, 
depending on the virulence of the strain of virus employed. Recovered 
rabbits are resistant to reinfection, and their immunity may be exalted 
by repeated doses of virus which may be administered either intravenously 
I ÁRT III. 
AROLOGI CAL T CHi IWA IN TH3 :±TUDY OF 
VIRUS INFECTIONS. 
mike bacterial diseases virus infections are 
accompanied by the formation of specific antibodies. 
,Two special studies were made on the sera of rabbits 
infected with Shope fibroma and rabbit myxoma virus 
and the presence of complement- fixing antibodies was 
found in each of these conditions, thus bringing them 
into line with the behaviour of other virus infections 
described by earlier investigators. I have also in- 
qu?ired into the relationship of virus neutralizing 
antibodies to complement- fixing antibodies in Shope 
fibroma infection. 
In view of the discovery of Dedrick (who was 
-able to transform Shope fibroma into myxoma virus) I 
carried out experiments to test the degree of speci- 
ficity of such virus antibodies, but cross complement- 
:fixation tests showed that no immunological inter- 
relationship could be found to exist between these two 
viruses. The remainder of the text deals with a 
critical review of the literature with special em- 
phasis on the accurate interpretation of results and 
the importance of proper control tests. 
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or intraperitoneally (see Gordon, 1925 ; Craigie and Tulloch, 1931 ; Craigie 
and Wishart, 1934 a ; Smith, 1930). 
Hyperimmune sera prepared in this manner contain agglutinins, pre- 
cipitins, complement -fixing and virus -neutralizing antibodies, which are 
usually demonstrable about 14 days after the date of infection (see 
Craigie and Wishart, 1934 a). There is no standard method for estimating 
accurately the potency of such sera, but about 1 c.c. of an active anti - 
vaccinial serum should protect against 1,000 minimal infecting skin doses, 
according to Andrewes (1928). The activity of the immune bodies in 
rabbit's serum has been shown to reside in the globulin fraction 
(Findlay, 1931). 
Horses. Ledingham, Morgan, and Petrie (1931) actively immunized a 
horse against vaccinia virus, with the aim of studying the properties of 
such serum as well as providing themselves with antivaccinial serum for 
use in cases of post -vaccinal encephalitis or smallpox. 
The animal was first immunized with formolized diphtheria toxin and 
tetanus toxin of which 5 . doses were given. Subsequently it was injected 
repeatedly with glycerolated calf lymph (gdvernment strain), and during 
this period it was given a routine dose of tetanus toxoid every 2 or 3. 
months. The dosage of virus consisted of an initial subcutaneous innocula- 
tion of a 1 : 10 dilution of lymph, which was scarified into an area of 
shaved skin about a foot square, situated on one side of the horse's neck. 
Fifty hours later, a crop of about. 200 vesicles developed, then gradually 
subsided and healed, so that after 35 days the skin had returned to its 
normal condition. The animal was now hyperimmunized by a further 
inoculation of 10 c.c. of lymph given subcutaneously. This was followed 
8 weeks later by 71 c.c. intravenously, a month afterwards by 40 c.c. 
intravenously, and finally with 130 c.c. given intramuscularly. The total 
bulk of glycerolated calf lymph introduced was 282.5 c.c. administered 
over a period of 9 months. 
Sample bleedings, varying in amount from 0.75 to 2.2 litres, were made 
at different periods during the course of immunization, and the last 
quantity of blood was withdrawn about 3 months after the final intra- 
muscular dose. 
From their researches, Ledingham et al. found that the euglobulin and 
pseudo -globulin fractions of the serum contained the greatest amount of 
antiviral body. The euglobulin possessed the greatest concentration of 
antibody per gramme of protein, but its absolute amount fell below that 
present in the pseudo -globulin fraction. Such hyperimmune horse anti - 
vaccinial sera, when administered subcutaneously with vaccinia virus of 
either testicular or dermal origin, proved highly effective in controlling 
experimental infections in rabbits. 
Herpes 
Guinea -pigs. Antivaccinial or antiherpetic immune serum may be pre- 
pared by injecting these animals repeatedly with large doses of live virus. 
Bedson and Bland (1929) recommend that they be given 6 to 8 doses 
of 1.0 to 2.0 c.c. of a 10 per cent. suspension of virus material, administered 
intraperitoneally, and sera prepared thus were shown to contain comple- 
ment -fixing antibodies for these two viruses. 
Psittacosis 
Guinea -pigs are comparatively resistant to psittacosis virus and Bedson 
(1933) has successfully immunized them against this agent. A mouse was 
first inoculated with virus, its spleen removed and extracted with saline 
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to make a 10 per cent. suspension of tissue. Guinea -pigs received 2 to 3 
c.c. of the 10 per cent. extract administered intraperitoneally at weekly 
intervals, with periodic rests of 1 to 2 months ; each of these animals 
received from 10 to 15 injections, and their sera contained both virus - 
neutralizing and complement -fixing antibodies. 
Poliomyelitis 
The horse has been immunized with a strain of poliomyelitis virus by 
Fairbrother (1930), who used highly infective tissue derived from the 
spinal cord and Rolandic area of monkeys which had become paralysed 
following intracerebral injection with the virus (see also Fairbrother and 
Hurst, 1930). Five different dilutions of cord -brain suspension were pre- 
pared, namely, 0.5 per cent., 1 per cent., 5 per cent., 10 per cent., and 
20 per cent. ; these were left overnight at +4° C., filtered through a Berke - 
feld N candle, and then injected into the horse. The animal received at 
first 50 c.c. of a 0.5 per cent. suspension administered in 3 equal doses at 
intervals of 3 days, then 75 c.c. of a 1 per cent. extract in 2 doses at 4 -day 
intervals, then 100 c.c. of a 5 per cent. concentration distributed over 
4 inoculations at 3 -day intervals, then 150 c.c. of a 10 per cent. solution 
at 3 -day intervals, and finally, 200 c.c. of a 20 per cent. strength was 
introduced in 3 doses spaced 3 and 4 days apart. 
The horse thus received 15 separate inoculations over a space of 2 
months. Each injection was given at 3- to 4 -day intervals and a period of 
7 days was allowed to lapse between each ascending series of dilutions. 
During the earlier part of the course of immunization, the horse was 
given a few small doses of tetanus toxoid as a precautionary measure. 
Poliomyelitis antisera obtained in this manner were tested for in 
vitro neutralizing properties. Increasing amounts of virus, ranging from 
0.1 c.c. to 0.5 c.c. of a 5 per cent. suspension of cord, were mixed with 
0.4 to 0.8 c.c. of antiserum, incubated at 37° C. for 12 to 2 hours, left 
overnight at 4° C., and 0.5 c.c. of the mixture inoculated intracerebrally 
in a monkey. 
By this method, Fairbrother (1930) demonstrated in vitro the presence 
of virus- neutralizing antibody in the serum of a horse after it had been 
immunized with poliomyelitis virus. Curative, prophylactic, and other 
in vivo tests on monkeys were also tried, but unfortunately the antiserum 
failed to modify or prevent the development of the disease in monkeys 
infected intracerebrally with virus. ' 
Fairbrother rightly draws attention to the fact that the result of this 
experiment does not necessarily prove that antiserum is useless for the 
treatment of patients, because the circumstances attending experimental 
poliomyelitis in the monkey are entirely different from those prevailing 
in the case of naturally acquired infection in man. For example, the 
condition in monkeys is virtually 100 per cent. fatal, against 10 to 20 
per cent. in man, and .moreover in the case of the former, the virus is 
being implanted directly into traumatized nervous tissue, so that it rapidly 
enters the nerve cells and establishes itself considerably in advance of the 
arrival of antibody from the blood. 
Influenza 
The horse has been shown to be resistant to this agent; influenza virus 
administered intratracheally in 4 animals yielded negative results (Laidlaw, 
Smith, Andrewes, and Dunkin, 1935). The animals were hyperimmunized 
by giving each horse 12 subcutaneous injections of about 15 c.c. in bulk, 
prepared from infected ferrets' nasal mucosae, over a period of 4 months. 
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This was followed by 6 further injections of virus contained in ferret 
lungs, over a space of 8 weeks, at the end of which the horse's serum was 
found to neutralize influenza virus in a dilution of 1 in.100. - 
A second horse was immunized with 50 c.c. doses of ferret -lung emulsion 
for 2 months, the last 3 injections of virus consisting of a mixture of 
both the human and porcine strains. The animal appeared to exhibit 
considerable reactions to the latter inoculations. 
A third horse was injected with 6 subcutaneous doses of ferret -lung 
suspension containing Shope's strain of hog influenza virus, the dosage 
varying from 30 to 50 c.c. over a month. After one month's rest, hyper - 
immunization was continued and the animal received, without signs of 
ill -effects, the remaining injections consisting of a mixture of human and 
porcine strains of virus cultivated in ferrets: 
Hyperimmune sera were next subjected to fractionation and concen- 
tration, and it was found that the most active part resided in the pseudo - 
globulin fraction of the serum, which could be precipitated by salting - 
out with 12 to 16 per cent. sodium sulphate. 
Ferrets. Apparently these animals could only be immunized against 
either human or swine influenza virus, cultivated in ferret -lung tissue, 
by inoculating them intranasally. Parenteral inoculation by other routes 
with either living or dead virus failed to confer immunity to infection. 
Animals successfully immunized retained this property for about 6 months 
and thereafter became susceptible to a second attack, unless reinforced 
by a further injection which could be given subcutaneously. 
Mice were also immunized against the virus of human or porcine 
influenza by administering three or more doses of virus subcutaneously 
(see Smith, Andrewes, and Laidlaw, 1935). Mice have also been immunized 
against influenza virus by inoculating them with tissue extracts prepared 
by Hoyle and Fairbrother (1937), according to the technique adopted 
by Eagles and Ledingham (1932) for the purification of vaccinia virus. 
A 10 per cent. suspension of infected mouse lung in saline was ground up 
with sand ; centrifuged for 30 minutes at 400 r.p.m. ; 20 c.c. of the suspen- 
sion was centrifuged for 45 minutes at 13,000 r.p.m. ; the supernatant fluid 
was discarded ; the deposit was resuspended in 10 c.c. of saline and centri- 
fuged at 4,000 r.p.m. for 20 minutes ; the supernatant fluid was withdrawn 
and centrifuged at 13,000 r.p.m. for 30 minutes ; the supernatant fluid 
was discarded; the deposit was resuspended in 2 c.c. of saline and lightly 
centrifuged at 4,000 r.p.m. for 20 minutes to throw down large particles, 
and the supernatant fluid was used as antigen. The final product was 
found to be slightly opalescent and was about 10 times as infective as the 
original mouse lung. Under dark - ground illumination, it showed innumer- 
able minute particles of apparently uniform size, and accordingly Hoyle 
and Fairbrother have regarded such preparations as `elementary body 
suspensions', although stained elementary bodies were not demonstrated 
by them. Such suspensions did not prove of value as antigens for com- 
plement- fixation tests, but they were useful for immunizing mice against 
influenza, virus, the animals being given 2 doses intraperitoneally, the 
first 0.1 c.c., and the second 0.15 c.c., administered 4 days later. Eleven 
days after the last dose, the animals were tested for susceptibility by 
inoculating them intranasally with influenza virus and were found to be 
resistant to infection. 
Rift Valley Fever 
Mice are so highly susceptible to infection with this agent that diffi- 
culty lids been experienced in attempting to immunize them with either 
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phenolized or formolized vaccines of virus. Mackenzie (1935) has successfully 
overcome the difficulty by employing virus suspensions which have been 
inaètivated by exposing them to the photódynamic action of methylene 
blue, used previously by Petdrau and Todd (1933) in connexion with 
their studies on dog distemper. The blood of 3 mice moribund from Rift 
Valley virus was added to 5 c.c. of physiological saline and centrifuged 
at 2,000 r.p.m., the supernatant fluid was removed and mixed with an 
equal volume of 1: 50,000 dilution of methylene blue. The fluid was then 
poured into a petri dish and exposed for 30 minutes to the light of a 
100 c.p. pointolite lamp. Mice inoculated intraperitoneally with 1 c.c. of 
this vaccine subsequently proved to be resistant to infection with live virus, 
when tested for immunity 7 days later. 
TESTS FOR VIRUS -NEUTRALIZING ANTIBODIES 
Tests for virus- neutralizing antibodies have been employed for three 
different purposes, namely: (1) to assess the potency of therapeutic antisera 
with a view to standardizing them ; (2) for detecting the presence of virus - 
neutralizing antibodies in human or animal sera for diagnostic or epidemio- 
logical purposes ; and lastly, (3) to identify viruses or to investigate their 
antigenic structure. The general principle on which these tests are based 
is the same, for in the majority of instances the serum to be tested is 
mixed with the virus in suitable proportions, incubated for a short time, 
and inoculated into a susceptible animal. In some of these tests the 
amount of virus used is kept constant and different dilutions of serum are 
added, such as in the test for influenza antibodies mentioned- on p. 77 ; 
but in others, e.g. the method used by Findlay (1936) for his experiments 
on Rift 'Valley fever virus, the reverse procedure has been adopted, the 
amount of serum being kept constant and the virus diluted instead. 
The relative value of these two methods cannot be assessed, but from 
the literature it would appear that, whilst certain of the virus- neutralizing 
antibodies may be made manifest by either of the methods described, in 
others the best results are to be obtained by adhering to one of them. 
The criteria on which individual neutralization tests are interpreted 
vary greatly. In general they depend on the susceptibility of the animal 
used, e.g. in the case of neutralization tests with Rift Valley virus, as mice 
are employed for neutralization tests and as this virus is highly pathogenic 
to them, the results are interpreted according to the number of mice which 
survive. Should, however, a virus which is less infective to mice be em- 
ployed, then after a definite interval of time all animals which do not die 
must be killed and examined for evidence of lesions. For example, in 
such tests with psittacosis, the spleen of each mouse must be stained and 
examined for the presence of elementary or inclusion bodies before it is 
possible to tell whether the serum has, or has not, neutralized the virus, 
and in the case of tests with influenza virus the lungs of the animals are 
searched for evidence of consolidation. 
The mouse -protection test for yellow fever immune body is conducted 
on a different principle ; thus before the serum -virus mixture is introduced 
intraperitoneally, the animal is given an intracerebral dose of sterile starch 
solution to induce the spread of virus from the brain capillaries to the brain 
itself, and the presence or absence of immune body in the serum tested is 
indicated according to the number of mice which develop fatal encephalitis. 
With a certain number of viruses it has been possible to utilize cutaneous 
skin reactions for titrating the antibody content of immune serum, so that 
several experiments can be performed simultaneously on one animal. 
STUDY OF HUMAN VIRUS DISEASES 75 
Gordon (1925) used this method for his studies on vaccina virus and we 
have used it for our experiments on rabbit myxoma, and Shope's fibroma 
viruses (see van Rooyen, 1938 ; vhn Rooyen and Rhodes, 1938). The 
chorio - allantoic membrane of the developing chicken embryo can also be 
used for neutralization tests, and Burnet (1937, et al., 1937) showed that 
after inoculating the serum -virus mixture on the membrane and counting 
the number of pocks produced, the neutralizing powers of the serum could 
be estimated (see p. 118). The technique of performing the mouse -pro- 
tection test for the presence of yellow fever immune body is dealt with 
on p. 474. With regard to other tests of a similar nature, the following brief 
notes may be of value : 
St. Louis 
Wooley and Armstrong (1934) demonstrated the presence of virus - 
neútralizing antibodies in the sera of patients who had suffered from 
this disease. The brains of several infected mice were removed, and 
ground in a mortar with 0.85 per cent. saline of pH 7.6 to form a uniform 
suspension containing approximately 1 : 100 parts of brain tissue.' The 
mixture was centrifuged for 3 hours at 15,000 r.p.m., and the supernatant 
fluid removed and diluted 1:1,000, 1:10,000, I :100,000, and 1:1,000,000 
in saline solution. Four conical flasks were next placed in a row and into 
the first of these were placed 0.3 c.c. of serum and 0.15 c.c. of 10 -3 virus 
suspension; into the second were added 0.2 c.c. of serum and 0.1 c.c. 
of 10-4 virus suspension ; into flask number three there were placed 0.2 c.c. 
of serum with 0.1 c.c. of 10 -5 virus dilution ; and in the fourth flask there 
were mixed 0.2 c.c. of serum and 0.1 c.c. Qf the 10 -8 virus concentration. 
The mixtures were vigorously shaken, allowed to stand for 2 hours at room 
temperature, then 4 mice were inoculated intracerebrally with the contents 
of each flask, a dose of 0.03 c.c. being employed, so that 16 mice were in- 
jected for each serum tested. 
With each series of experiments two control sera were included, the one 
(a positive) derived from a patient known to possess antibody and the 
other (a negative) serum obtained from a normal person. Before pro- 
ceeding to inject the virus intracerebrally, as a precautionary measure, 
the sterility of the serum -virus mixtures was tested by inoculating agar 
plates and incubating them aerobically. 
Interpretation of results. 
The mice were observed for 14 days, and during this interval, if the 
number surviving was the same as in the case of the known positive 
control, then the serum examined was assumed to possess strong neutral- 
izing properties. If, on the other hand, there were fewer survivors in the 
test serum series than in the positive control series, the serum was regarded 
as less strongly positive, and when the number of animals dying in the 
experimental and negative control series were equal the result was inter- 
preted as inconclusive. Finally, when the number of deaths occurring in 
the tested serum exceeded those recorded in the negative control the 
result was regarded as negative. As in additional check on the test, the 
brains of mice which died were sectioned and examined for evidence of 
histological lesions indicating the presence of encephalitis. 
Lymphocytic Choriomeningitis 
Protective antibodies in the sera of men and monkeys after recovery 
from infection have been demonstrated by Wooley, Armstrong, and 
I An average mouse brain was found to weigh approximately 0.30 grn. 
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Onstott (1937), who adopted the following method: Stock virus preserved 
in neutral glycerol and 0.85 per cent. sodium chloride solution at +5° C. 
was used for infecting 3 mice by intracerebral inoculation. One half of the 
brain of each animal was removed, ground in a mortar with 10 c.c. of 0.85 
per cent. sodium chloride solution of pH 7.6, thoroughly mixed, then 
diluted to form 1: 3,000, 1: 5,000, and 1:10,000 concentrations respectively, 
and to 0.1 c.c. of each dilution was added 0.2 c.c. of the serum to be 
tested. The mixtures were well shaken, kept at 37° C. for 4 hours, and 
0.03 c.c. from each serum -virus mixture was inoculated intracerebrally in 
a mouse, using 4 animals for each dilution, i.e. 12 mice for each serum 
examined. 
Two serum controls were included in the experiment, the one known to 
possess neutralizing antibody against the virus, and the other a serum 
containing none. 
Interpretation of results. 
The mice were observed for a period of 14 days, and in the event of a 
greater or similar number of animals surviving among the test serum series, 
as compared with the known positive control, the serum examined was 
regarded as strongly positive. When the number of mice dying among the 
test serum group was the same as in the negative control group, the serum 
tested was considered as negative. Results intermediate to these were 
interpreted accordingly. In the case of mice which died, typical features 
of the experimental disease were ruffling of the hair, fine tremors and 
extension of the hind legs at time of death, accompanied by characteristic 
histological appearances in the brain (see Ch.- LXVII). 
Poliomyelitis 
Kolmer and Rule (1935) recommended the following method for detecting 
the presence of virus- neutralizing antibody in human serum : The spinal 
cords from severely paralysed monkeys were removed, stored in 50 per 
cent. glycerol in the refrigerator for a month, and a saline suspension 
containing about 10 m.i.d. of virus per 0.5 c.c. was prepared as follows: 
one gm. of the spinal cord was washed and ground up in 20 c.c. of saline 
to make a 5 per cent. suspension, centrifuged at 1,500 r.p.m. for 3 minutes, 
and the supernatant fluid used for the experiment. Then 0.5 c.c. of 
this material was mixed with 0.5 c.c. of patient's - serum, placed in the 
water -bath at 37° C. for 2 hours, and 0.5 c.c. injected intracerebrally in a 
M. rhesus monkey. The control test was carried out by inoculating another 
monkey with a similar suspension of virus, to which saline had been added 
instead of serum. 
Interpretation of results. 
If the control animal developed paresis in 6 to 9 days, and the test 
monkey remained unaffected, then it was assumed that the individual's 
serúm possessed sufficient antibody to neutralize 10 m.i.d. of virus, and 
he or she was immune to the disease. In the case of a serum from which 
antibody was absent, both monkeys developed the disease with equal 
severity, and when results intermediate to these were recorded they were 
interpreted accordingly. 
The Standardization of Antipoliomyelitis Convalescent Serum 
The need for establishing a standard for assessing the potency of various 
specimens of human antipoliomyelitis convalescent serum has long been 
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recognized, and Madsen, Jensen, and Eagles (1936) have devised the 
following method : 
The minimum completely paralysing dose (m.c.p.d.) of a `standard' sus- 
pension of virus, consisting of the Flexner strain of virus stored in glycerol, 
was first estimated by titration. A 10 per cent. saline suspension was 
made from cervical or lumbar cord, centrifuged at 3,000 r.p.m. for 10 
minutes, the supernatant fluid removed, and six dilutions of virus con- 
sisting of 0.1, 0.01, 0.001, 0.0001, 0.00001, and 0.000001 per cent. were 
prepared. Then 0.5 c.c. of each was introduced intracerebrally in a 
monkey, and the m.c.p.d. was estimated. For example, if paralysis only 
occurred in the 0.1, 0.01, and 0.001 per cent. virus suspensions, then the 
m.c.p.d. was taken as 0.5 c.c. of a 0.001 per cent. dilution of the `standard' 
virus. 
For the neutralizing tests 0.1 per cent. virus was usually employed, and 
this figure provided an adequate margin of infectivity. 
Technique. 
The serum to be examined was first tested undiluted and, if found potent 
enough to neutralize all the virus, it- was subsequently diluted. 1 c.c. of 
serum was added to 1 c.c. of 1 per cent. virus (equivalent to 1,000 m.c.p.d.), 
thoroughly mixed, incubated at 37° C. for 2 hours, placed in a cold room 
overnight, and 1 c.c. of the mixture, consisting of 0.5 c.c. virus and 0.5 c.c. 
serum, injected intracerebrally in a monkey. 
The control consisted of 1 c.c. saline plus 1 c.c. of 1 per cent. virus 
exposed to the same conditions. 
Monkeys were kept under observation for 30 days, and in the case of 
the control, 1 per cent. virus always produced complete paresis within 
12 days after inoculation: 
The proposed standard for antipoliomyelitis convalescent serum 
(Madsen and Jensen, 1936). 
During the 1934 epidemic of poliomyelitis in Denmark (Jensen, 1935), 
serum was stored by obtaining large quantities thereof from over a 
thousand convalescent subjects, passing it through a Seitz filter, and 
drying it in a Krause evaporator (see also Craigie, 1931). The dried pro - 
duct was then thoroughly mixed and regarded as a representative pooled 
sample of standard serum. The proposed standard was prepared as 
follows : 500 gm. of desiccated serum was dissolved in distilled water to a 
total of 5 litres, placed in the cold room for 24 hours, centrifuged at 
10,000 r.p.m. for 1 hour, and passed through a Seitz filter. The filtrate was 
tested for sterility, distributed in 5 c.c. amounts into ampoules, desiccated 
in vacuo over phosphorous péntoxide, and then each ampoule was filled 
with pure dry nitrogen and sealed off. 
Influenza 
Tests for demonstrating the presence of neutralizing antibody for 
influenza virus with mice have been described by Laidlaw, Smith, Andrewes, 
and Dunkin (1935) and are conducted as follows: Several mice are in- 
fected with influenza virus, their lungs removed, ground in a sterile mortar 
to form a paste, triturated with saline to make up a 5 per cent. suspension 
of lung tissue, centrifuged, the supernatant fluid removed and clarified by 
passage through an asbestos and paper pulp filter, and then filtered 
through a `gradocol' membrane of a.p.d. 0.9 µ. Equal quantities of the 
virus filtrate are added to 1: 10, 1:50, and 1: 250 dilutions of serum to be 
tested ; the mixtures are then left for 10 hours at room temperature,' and 
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thereafter 0.05 c.c. of each dilution is introduced intranasally in mice 
which have been lightly anaesthetized with ether. At the same time, a 
control test is also set up in which normal serum free from influenza anti- 
body is substituted' for immune serum. Five to seven days after inocu- 
lation all surviving mice are chloroformed, autopsied, and the presence 
or absence of lung lesions noted, frbm whioh the results of the test and 
control experiments are interpreted. 
In subsequent experiments Andrewes, Laidlaw, and Smith (1935) added 
a refinement to their technique by titrating simultaneously with each 
human serum a standard horse antiserum, the neutralizing powers of 
which supplied a basis for comparison, so that the activity of human sera 
could be assessed in terms of the standard immune horse serum. The 
technique employed by Magill and Francis (1938) was similar to the above, 
with the exception that a standard strength of unfiltered centrifuged sus- 
pension of influenza virus was used, whereas Laidlaw, Smith, Andrewes, 
and Dunkin used filtered virus as they found that the intranasal inocu- 
lation of tissue particles was liable to cause lung abscesses in mice. 
Rift Valley Fever 
Neutralizing antibodies to this agent have been demonstrated in the 
sera of human beings recovered from an attack of the disease (Findlay, 
1936). 
Technique. 
A 10 -1 dilution of infected mouse liver was diluted with saline to form 
dilutions of 10 -2, 10 -3, 10 -4, and 10-5 ; to each of these was added an equal 
volume of immune serum, and to a similar series of dilutions normal serum 
was added to serve as a control. The two sets of mixtures were incubated 
at 37° C. for 4 hours and 0.4 c.c. of each serum -virus mixture was inocu- 
lated intraperitoneally in mice. The results showed that an immune 
serum was able to neutralize a 1: 10, or higher dilution of virus, whereas 
normal serum was incapable of doing so, and the animals accordingly 
succumbed to infection in 2 to 5 days' time.. 
During the course of these studies Findlay demonstrated the phenome- 
non of dissociation of apparently neutral serum -virus mixtures by simple 
dilution with saline solution. From his tests he proved that dissociation 
by dilution did not occur when the virus was treated with an excess of 
immune serum. It was not possible to influence the result by reducing 
the length of time for which the virus and immune serum were kept in 
contact ; for example, the same results were recorded after 15 minutes as 
were obtained after 4 hours' preliminary incubation before inoculation. 
Reactivation of a neutral serum -virus mixture could, however, be pro- 
duced by dilution provided that the seruiñ and virus were mixed together 
in certain definite proportions, and it was shown that when the amount of 
virus was decreased, and the quantity of immune serum kept constant, a 
point was reached at which reactivation by dilution was no longer possible. 
Another factor shown to affect the results was the route by which 
animals were inoculated -a point already illustrated in connexion with 
experiments on influenza virus by Francis and Magill (1935), who re- 
vealed that an apparently neutral serum -virus mixture, although devoid 
of infectivity when administered intraperitoneally, was pathogenic if in- 
troduced intranasally. Findlay made a similar observation in the case of 
the immunity mechanism of Rift Valley virus, and moreover, he conducted 
a series of experimënts to determine whether this effect was exactly parallel 
to that of dissociation due to dilution. From his results he was able to 
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show that both these phenomena occurred in the same mixtures of immune 
serum and virus, and were therefore in all probability of the same character. 
It was also demonstrated that the dose inoculated had an important 
bearing on the problem, for a small dose of virus and immune serum 
mixture was found to be more pathogenic than a large inoculum thereof. 
This point served to explain why an apparently neutral serum -virus 
mixture when administered intraperitoneally was innocuous, but when 
introduced intranasally was lethal, since in a given time less of the 
mixture was absorbed through the nasal mucosa than via the peritoneum. 
In support of this opinion it was further shown that, whereas 0.4 c.c. of an 
apparently neutral serum -virus mixture injected intraperitoneally was 
inactive, a dose of 0.03 c.c. given by the same route proved to be fatal. 
Because of such results, Findlay concluded that the essential factor deter- 
mining infectivity by different routes of inoculation (so far as these tests 
wère concerned) was primarily the size of the dose, and not a greater 
infectivity because of the method of administration (see also Goyal, 1935). 
Psittacosis 
Bedson (1933) has demonstrated the presence of neutralizing antibodies 
in the sera of guinea -pigs immunized against psittacosis, and he later 
showed (1938) that such antibodies also appeared in the sera of inoculated 
mice. To perform the test, the sera of 8 animals were pooled and mixed 
with virus to produce a final concentration of 1,000 m.l.d. of the latter in 
0.5 c.c. of the mixture. A control test was also set up, in which normal 
mouse serum was substituted for immune serum, and both series allowed 
to stand for 2 hours, when 4 mice were inoculated each with 0.1 c.c. of the 
control mixture and a similar number with each of three amounts; namely, 
0.1, 0.5, and 1.0 c.c. of antiserum -virus mixture. 
THE ABSORPTION OF VIRUS -NEUTRALIZING ANTIBODIES 
Vaccinia and Herpes 
Smith (1930) demonstrated that rabbit's testis infected either with 
vaccinia or herpes virus was capable of absorbing its homologous anti- 
body from an immune serum, whereas normal rabbit kidney failed to 
absorb immune body from an antivaccinial serum. 
The specificity of the phenomenon was demonstrated by cross- absorp- 
tion experiments in which vaccinial testis failed to absorb herpetic anti- 
body, and herpetic testis failed to absorb vaccinial antibody. It was also 
shown that each virus selectively absorbed its homologous antibody when 
added to a mixture of antivaccinial and antiherpetic serum. Vaccinial testis 
suspension, in which the virus was destroyed by heating to 58° C. or 
60° C. for 1 hour, showed greatly reduced power of antibody- absorption. 
Technique. 
5 to 7 gm.. of vaccinial testis was minced with scissors in a sterile mortar 
with 10 c.c. of a 1: 10 dilution of immune serum and the suspension 
transferred to test -tubes ; 5 to 7 gm. of normal testis (or kidney) was 
likewise treated and utilized as the control; 0.5 c.c. of pure anaesthetic 
ether was added to each tube which was hermetically sealed and stored 
for 3 days at 37° C., in order to destroy any contaminating bacteria present. 
After 3 days the tubes were opened to allow the ether to evaporate, and 
were centrifuged at 3,000 r.p.m. for z to 4 hours. The supernatant fluids 
were clarified by preliminary filtration through filter paper, or paper pulp, 
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and then passed through L2 candles under a negative pressure of 40 cm. 
of mercury. The final filtrates thus represented (a) immune serum treated 
with testicular virus, a nd (b) immune serum treated with normal control 
tissue. 
The method of antibody titration was as follows: in order to compare 
the antibody content of any two sera, various dilutions of virus (i.e. of 
a suspension of herpes or vaccinia virus contained in testis) were added to 
equal quantities of each of the sera; 0.2 c.c. of the mixtures was then 
injected intradermally in the shaved skin of a rabbit, using one half of the 
animal's back for each set of dilutions. 
The relative distribution of inocula on, the rabbit's skin may be repre- 
sented schematically thus: 
FTFAD 
A 
Serum A (I dil.) +virus 
Left side. I Right side. 
( dil.)+virus (1/20,000 dil.) (1/20,000 dil.) 0 0 Serum B 
+virus (1/2,000 dil.). 0 0 +virus (1/2,000 dil. 
+virus' (1/200 dil.) . 0 0 +virus (1/200 dil.) 
, +virus (1/20 dil.) . 0 0 +virus (1/20 dil.) 
Control of serum only . . . 0 0 Control of serum only 
B 
TAIL 
Interpretation of results. 
Reactions were read on the third, fourth, and fifth days after inocu- 
lation. By measuring the size of the reaction produced by each dilution 
and the titre to which this occurred, it was possible to compare the virus - 
neutralizing properties of serum A with those of B. 
Influenza 
Absorption tests were utilized by Smith and Andrewes (1938) for their 
investigations into the complex antigenic structure of influenza virus, and 
they showed that each strain of virus only absorbed from a homologous 
serum those antibodies which corresponded to the antigenic components of 
the absorbing strain. Technical details regarding the method of perform- 
ing the test were as follows : A dilution of serum capable of neutralizing 
100 m.i.d. of virus was added to a 5 per cent. suspension of fresh infected 
mouse lung, and absorption allowed to take place by incubating the 
mixture at 37° C. for 2 hours followed by placing it in the refrigerator 
overnight. The excess unabsorbed virus was next eliminated, either by 
filtering the suspension through a collodion membrane possessing an a.p.d. 
of 0.1 µ which retained the virus, or else by heating the material to 55° C. 
for 30 minutes. The absorbed sera were now tested for the presence of 
virus- neutralizing antibodies by admixture with dilute virus filtrates of 
about 100 m.i.d. in potency, and the result was compared with serum which 
was unabsorbed but had been subjected to similar treatment. Each 
serum -virus mixture . was incubated at 37° C. for 2 hours and thereafter 
tested for infectivity by intranasal inoculation of mice. Control tests were 
also incorporated in the series, and it was shown that the virus- neutral- 
izing antibodies could not be Absorbed by normal lung tissue. From these 
experiments Smith and Andrewes were able to show that absorption of a 
serum, with a homologous strain of virus removed only its appropriate 
antibodies, leaving the others intact. The process is therefore analogous 
to the specific absorption of antibodies from an antibacterial serum by 
treatment with the homologous organism. 
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AGGLUTINATION OF ELEMENTARY BODIES 
There has been a certain amount of discussion regarding the first worker 
to agglutinate the elementary bodies of vaccinia, and Gordon (1935, 1935 a) 
states that Tanaka (1902) was the earliest to observe that a suspension of 
vaccine lymph underwent flocculation when brought into contact with 
immune serum. Later, Paschen of Hamburg demonstrated the pheno- 
menon to a local biological society and prepared an illustration of the 
reaction for an article in Kraus and Levaditi's proposed book on technical 
methods, the publication of which was unfortunately cancelled on account 
of the Great War. Additional comments on this matter will be found in 
the notes of Ledingham (1935, 1937). 
Vaccinia 
Craigie (1932) has employed the following method for obtaining a 
suspension of vaccinal elementary bodies : 
Technique of preparation of antigen. 
A piece of bronze wire gauze (100 mesh) is used for scarifying the shaved 
back of a rabbit ; a strip of the gauze (0.7 cm. by 10, cm.) is held with a 
pair of Kocher forceps, and the virus suspension is placed on the skin of 
the rabbit which is then inoculated by drawing the rough edge of the 
gauze over the animal's back. Three days later the rabbit is exsanguinated, 
killed, the skin removed, cleaned with ether, pinned out on a board, and 
the pulp scraped off with a scalpel into two successive 10 c.c. volumes of 
chilled citric acid (0.004 M) one part and phosphate buffer of pH 7.0 one 
part diluted. 1: 50 in distilled water. 
The pulp suspension is not ground -up but is thoroughly shaken, centri- 
fuged at 3,500 r.p.m. for 10 minutes, and the supernatant fluid removed 
and set aside. The deposit is once again washed in dilute buffer solution, 
and the supernatant fluids obtained after the first and second washings 
pooled. The, mixture is now placed in flat angle centrifuge test -tubes of 
4 mm. internal diameter, and centrifuged at 3,500 r.p.m. for 60 minutes 
at an angle of 28° from the vertical. The elementary bodies deposited at 
the end of this interval are resuspended in fresh buffer solution and sub - 
jected to two further washings. The final suspension is dispersed by 
thorough . shaking and once more centrifuged at 3,500 r.p.m. for 10 
minutes on the ordinary centrifuge, in order to remove coarse tissue 
particles. The supernatant fluid containing the elementary bodies is now 
removed, placed in a glass -stoppered bottle, excess anaesthetic ether added, 
and stored in the ice -chest until required. The . ether can be removed 
before using by placing a small quantity of the suspension in a partial 
vacuum. Craigie and Wishart (1934 a) state that the yield of Paschen 
bodies obtained from a rabbit in 15 -20 c.c. of dilute buffer has, when fresh, 
an intradermal infective titre of 1 : 10 -8. 
The density of the elementary body suspension used as antigen is 
standardized to match the opacity of a kaolin suspension corresponding 
to tube No. 2 of the McFarlane standard. The tubes are compared with 
each other by placing them against a dark ground illuminated from behind 
at an angle of 45 °. 
Technique of macroscopic agglutination test. 
A series of serum dilutions 0.25 c.c. in bulk are made in 0.85 per cent. 
sodium chloride containing 1.: 50 citric acid phosphate buffer of pH 7.0. 
a 
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The elementary body suspension (vide supra) is diluted to twice the 
standard Opacity in distilled water containing 1: 50 of this buffer, and 0.25 
c.c. added to each serum dilution. The mixtures are incubated in a water - 
bath at 50° C. for 16 hours and the results read macroscopically. By means 
of agglutinin- absorption tests Craigie and Wishart (1935) have demon- 
strated the existence of two types of agglutinins in antivaccinial sera. The 
two corresponding agglutinogens differ in their relative stability to heat 
and other agents. The more labile `L.' agglutinogen has its agglutinability 
and ability to absorb agglutinin impaired or destroyed by exposure to a 
temperature as low as 56° C. The `S.' agglutinogen, on the other hand, is 
thermostable even after heating to 95° C. (see Craigie and Wishart, 1934 a, 
1935; also p. 335). 
Zoster and Varicella 
Amies (1934) has demonstrated the relationship of these two viruses to 
one another by means of cross -agglutination reactions. 
Antigen. 
Vesicle fluid was collected from patients, not more than 60 hours after 
the beginning of vesiculation, with a sterile . capillary pipette. It was 
diluted in physiological saline containing 2 per cent. sodium citrate, 
centrifuged at low speed to deposit tissue cells, then the supernatant fluid 
was removed and recentrifuged at .12,000 r.p.m. for 30 minutes. 
The deposit (which was frequently invisible to the naked eye) was re- 
suspended in saline of pH 7.0 containing 0.25 per cent. formalin. After a 
final fractional centrifugation at low speed to throw down gross particles, 
the supernatant fluid was removed and the suspension standardized to 
approximate in density that of an arbitrarily . chosen elementary body 
suspension. 
Technique of microscopic agglutination test. 
The hanging drop method was used. Dilutions of convalescent serum 
derived from cases of zoster and varicella were prepared from 1: 4 to 1:128 
in saline, mixed with an equal volume of antigen, and placed on a coverslip 
which was inverted over a glass slide fitted with a metal ring. The mix- 
tures were left at room temperature (average 65° F.) for 24 to 48 hours 
and then examined under the microscope, using a 2/3 in. objective and 
X 10 ocular for evidence of agglutination. A positive test was signified by 
the presence of highly refractile, irregularly shaped clumps. 
Agglutination was found to occur between zoster elementary bodies 
and homologous sera up to an end -titre of 1:128, and in the case of varicella 
up to a similar. endpoint. Cross- agglutination was less marked, thus a 
1: 64 dilution of zoster sera agglutinated varicella elementary bodies, 
whereas zoster elementary bodies reacted with 1:128 dilution of zoster 
serum. Varicella sera, on the other hand, agglutinated varicella elemen- 
tary bodies up to a 1: 128 dilution and also zoster bodies to a similar titre. 
It may here be noted that results opposite to these have recently been 
reported by Hasskó et al. (1938), who employed complement -fixation 
reactions and found that the viruses of zoster and varicella are not 
identical- although they may be antigenically related. 
Psittacosis 
Bedson (1932) has demonstrated that the elementary bodies found in 
this disease can be agglutinated by specific antisera. Antigen was pre- 
pared from infected mouse spleen by fractional centrifugation, and the 
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elementary bodies were deposited after the final washing by centrifuging 
the suspension for 2 hours at 5,000 r.p.m. 
The antiserum employed consisted of the sera of guinea -pigs which had 
been immunized with psittacosis virus obtained from infected guinea -pig 
tissues. Two control sera were also used, the one consisting of the serum 
of a guinea -pig which had been inoculated with mouse spleen tissue, and 
the other antiherpetic serum also of guinea -pig origin. The hanging drop 
technique was used for the tests and the results were read after incubating 
the mixtures at 37° C. for 24 hours. From these experiments, Bedson 
proved that a suspension of psittacosis elementary bodies could only be 
agglutinated by its homologous antiserum, and not by herpetic antiserum 
nor by antiserum to normal mouse spleen. 
PRECIPITIN REACTIONS 
A number of these reactions have been described and the soluble sub- 
stances of certain viruses, e.g. vaccinia, yellow fever, Shope's rabbit 
fibroma, and myxoma (Rivers and Ward, 1937), have been shown to react 
specifically with their homologous antisera. 
Vaccinia 
The following products of vaccinia virus have been proved to be pre - 
cipitable with antivaccinial serum: A precipitable substance in Seitz 
(EK) filtrates of vaccinial pulp divisible into two antigenic fractions 
consisting of a thermolabile (L.) portion which is destroyed by heating at 
56° C. for 1 hour, and a thermostable (S.) component which resists 95° C. 
for a similar period. 
Both these antigens occur in the elementary bodies of vaccinia and 
participate in the agglutination of these bodies with vaccinial antiserum 
(Craigie, 1932 ; and Craigie and Wishart, 1936 a). The L.S. fraction is 
prepared as follows: 
Technique. 
A Seitz (EK) filtrate is dialysed in cellophane bags. A 1 /10 volume of 
Sörensen's hydrochloric acid - citrate buffer (Clark, 1928) of pH 4.45 is 
added to the dialysed filtrate and the mixture centrifuged for 30 minutes. 
The deposit is drained and the fluid adhering to the walls of the tube 
dried with filter paper. The deposit is then suspended in Sörensen's 
citrate caustic soda buffer of pH 6.5, the volume used being 1 /10 of the 
final volume desired. Distilled water is added to the amount of four times 
this volume, the tubes shaken, centrifuged, and the supernatant fluid set 
aside. The deposit is extracted a second time with the same volume of 
buffer (pH 665) and distilled water as previously used. The two super- 
natants are pooled, extracted with ether, kept for 24 to 48 hours in the 
ice- chest, recentrifuged to deposit large particles, the supernatant fluid 
removed and used as L.S. fraction. 
The antigenic properties of the L. and the S. components have been 
demonstrated by immunizing rabbits with each of them. The sera thus 
obtained react specifically to produce a precipitate with the homologous 
fraction in each instance. It has been pointed out that, whereas 56° C. 
annuls the in vitro activity of the L. component, in order to abolish its 
in vivo antigenic effect towards rabbits it must be heated to 70° C. for 
1 hour. The antigenic properties of the S. component, on the other hand, 
are unaffected after heating at 90° C. (Wishart and Craigie, 1936). 
A third precipitable substance has been obtained by extraction of 
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elementary bodies after they have been freed from other tissue products 
by repeated washing. This has been termed `dissociated antigen' since 
it is liberated from elementary bodies in vitro. It also consists of 
thermolabile and - thermostable soluble precipitable substances, both of 
which are similar to the soluble precipitable substances found in sus- 
pensions of fresh vaccine pulp (Craigie and Wishart, 1936 b). 
Parker and Rivers (1935, 1936, 1937) have confirmed Craigie and 
Wishart's findings. They succeeded in extracting a chemically stable, 
serologically active substance from dermal and testicular tissue infected 
with vaccinia by boiling it with 50 per cent. ammonium sulphate, followed 
by dialysis against running water, precipitation with alcohol, and treat- 
ment with buffered solutions. About 15 mg. of a white substance was 
derived from about 200 c.c. of an extract of . dermal vaccine virus, and 
this was susceptible to digestion with commercial trypsin or pepsin but 
resistant to crystalline trypsin and chymotrypsin, and possessed the 
characters of an alcohol -soluble protein which was not precipitated by 
boiling in a neutral aqueous solution. A dilution of 1: 640,000 gave a 
precipitate with an antivaccinial S. antigen serum (Craigie and Wishart, 
1934 a),. but produced no reaction in a serum from which the S. agglutinin 
had previously been removed by absorption. The chemical composition 
of washed elementary bodies has been investigated by Hughes, Parker, 
and Rivers (1935), who found that they contained ash, carbohydrate, fat, 
and nitrogen, part of which was in the form of protein. In general, the 
chemical structure of elementary bodies was similar to that of bacteria 
and other material of a protein nature. 
Yellow Fever 
Hughes (1933) showed that the sera of monkeys which had recovered 
from the disease developed a precipitin capable of reacting with a pre - 
cipitinogen occurring in the blood of monkeys during the acute phase 
of the disease. This precipitinogen, which was associated with the albumen 
fraction of the serum, was not the virus of yellow fever per se. Its amount 
varied with the severity of the infection and it was independent of the 
virus- neutralizing antibody; it disappeared after the monkey recovered 
from the disease, and was thought to be responsible for stimulating the 
development of precipitating antibodies in the sera of animals after an 
attack of yellow fever. 
A similar precipitin was found in convalescent human sera, which 
reacted with the precipitinogen occurring in the blood of infected monkeys. 
Technique. 
Serum derived from a monkey moribund from yellow fever was filtered 
through a Seitz filter, and antiserum obtained from a monkey which had 
recovered from a virulent (Asibi) strain of yellow fever was likewise 
treated. The two were then mixed in a test -tube, incubated at 37° C. for 
2 hours, and examined for the presence of cloudiness. The ring technique 
was also tried by putting undiluted antiserum in the foot of a test -tube 
(2 mm. in diameter) with the aid of a capillary pipette, and this was over - 
floated with serum derived from an ill animal. The two fluids were next 
incubated at 37° C. for 2 hours and the results thereafter read in artificial 
light with the aid of a dark background. A positive result was signified 
by the formation of a ring of turbidity at the fluid interface, while in the 
control test, in 'which normal monkey serum was substituted for anti- 
serum, no such reaction occurred. 
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The immunological relationship of Shope's rabbit 
fibroma virus to the virus of infectious myxomatosis: 
complement fixation studies. 
By C. E. van Rooyen and A. J. Rhodes. 
Infectious myxomatosis of the rabbit is usually a fatal disease accompanied 
by highly characteristic morbid anatomical and histological features. Shope's 
fibroma, on the other hand, is a benign affection, particularly in the British 
domestic rabbit, in which it is seldom fatal. Notwithstanding the gross diffe- 
rences between these two conditions, recent work has revealed that some degree 
of immunological and other relationship exists between their aetiological agents. 
For example, Berry and D edrick (1936) successfully transformed the 
fibroma virus into myxoma by inoculating rabbits with a mixture consisting 
of live fibroma virus and heat -killed myxoma virus. This important discovery 
has recently received the independent confirmation of Hurst (1937). 
The sera of rabbits recovering from infection with Shope's fibroma virus 
have been demonstrated to contain precipitins for myxoma virus, and vice 
versa (Rivers and Ward, 1937). Likewise the presence of cross -agglutinins 
has been described by Ledingham (1937). All the data therefore, point to 
the undoubted biological relationship of these two viruses, notwithstanding 
the entirely different pathological lesions they produce. 
The object of the present investigation has been twofold; first to find 
out whether the sera of rabbits immunized against myxoma virus contained 
complement -fixing antibodies for that virus, and if so, whether the reaction 
was specific for myxoma or whether it occurred also with fibroma virus. Second, 
the converse was also investigated, Shope fibroma antiserum containing com- 
plement- fixing antibodies for that virus (see van Roo yen, 1938) was examined 
for cross complement -fixation with myxoma antigen. 
Immunization of rabbits. 
Three different methods were used to immunize rabbits against myxoma 
virus, two of these (a and b) as employed by earlier workers, and (c) a method 
devised by ourselves. 
(a) Rabbits were inoculated with Shope's fibroma virus, allowed to re- 
cover, and two to three months later they were injected with a 1 :10000 sus- 
pension of myxoma virus (desiccated infected rabbit's testicle). Not infre- 
quently, some of the animals developed myxoma and died, but those which 
recovered were given subcutaneously 0.5 cc. of a further dose of a 1:1000 
dilution of myxoma virus. 
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(b) Rabbits which had recovered from the fibroma infection were in- 
oculated with 0.5 cc. of 1 : 10000 dilution of myxoma "neurovirus ", which 
had been passed 28 times serially through the brains of rabbits (see Rhodes, 
1938). Occasionally a few of these animals developed myxoma, but more 
usually, "neurovirus." proved to be less fatal than testicular passage material. 
Animals which recovered received a further subcutaneous dose of 0.5 cc. of 
a 1: 1000 dilution of the myxoma virus (testicular material). 
(c) Rabbits which had been successfully immunized against myxoma by 
procedures (a) or (b) were bled, and 1.5 cc. of serum added to 0.25 cc. of a 1:1000 
dilution of myxoma "neurovirus ". This mixture was incubated at 37° C. for 
four hours and 0.5 cc. was introduced subcutaneously into a normal healthy 
rabbit. In many instances the myxoma antiserum proved to have effectively 
neutralized the myxoma "neurovirus ", for the mixture proved to be non - 
infective. Later, such animals withstood a subcutaneous dose of 0.5 cc. of 
a 1: 1000 dilution of virulent virus (testicular material). 
The relative merits of these three methods may be summarised by stating 
that wheras there was no difference in the degree of resistance to reinfection 
produced by them, procedure (c) was obviously the most satisfactory for our 
cross -complement fixation studies. Its obvious advantage lay in the fact that 
rabbits immunized by this method were uninfected with Shope fibroma virus 
at any stage. In the case of animals immunized by procedures (a) and (b) the 
rabbits were bled before inoculation with Shope's fibroma virus as well as two, 
three, four and twelve weeks later. At this stage, the animals were injected 
with myxoma virus. Two weeks later, when the second dose of myxoma virus 
had been given, another specimen of serum was removed. A final bleeding 
was made eight weeks later. The serum was inactivated at 55° C. for 30 minutes. 
About 1 cc. of each specimen was used for the immediate complement -fixation 
test (done on the same day). The remainder was sealed and stored in the re- 
frigerator, to be available for tests at a later date. Rabbits immunized by 
method (c) were bled before inoculation, and also two, three, four, twelve, 
fourteen and twenty weeks later. 
Technique of complement- fixation tests. 
A fixed volume of serum and varying amounts of complement have been 
employed in these tests. The degree of positivity of the reaction has thus been 
assessed in terms of the number of units of complement fixed. 
Reagents. 
Serum. A quantity of 0.05 cc. of inactivated rabbits serum obtained as 
described above was used throughout. 
Antigen. Desiccated infected rabbits testis was diluted 1:1000 in 0.85% 
sodium chloride solution, centrifuged at 3000 r. p. m. for 30 mins , and the 
supernatant fluid discarded. The deposit was suspended in saline and the 
opacity of the suspension standardised approximately to a Brown's opacity 
tube No. 4. In practice, this was found to give the maximum degree of opal- 
escence without interfering with visual interpretation of lysis. 
Complement. Guinea pig serum preserved by Sonnenschein's (1930) 
method (see Mackie and McCartney, 1938), was used throughout. This was 
titrated on each occasion, before use, the minimum haemolytic dose (m. h. d.) 
varying generally from 0.005 to 0.006 cc. 
Haemolytic system. Sheep erythrocytes were washed thrice in 0.85 
per cent saline and a 3 per cent suspension made in saline. The cells were 
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sensitised with a standard glycerinated sheep immune body (B. W. & Co.), 
usually 0.35 cc. sensitising 50 cc. of a 3 per cent suspension of sheep cells. 
Procedure. For the test, four tubes containing 0.05 cc. of serum were 
placed in a row, 0.5 cc. of antigen added to each tube, and followed by 4, 6, 
8 and 10 m. h. d. of complement respectively. 
Controls. The serum controls consisted of two tubes containing 0.05 cc. 
of serum, 4 and 6 m. h. d. of complement and 0.5 cc. of saline. The antigen 
controls comprised two tubes with 0.5 cc. of antigen and 4 and 6 m. h. d. of 
complement respectively. As previously described, the antigen consisted of 
a saline suspension of rabbit testis infected with either Shope fibroma or myxoma 
virus. 
Length of time for which mixtures were incubated. The above 
mixtures were incubated at 37° C. for 11/2 hours, and then 0.5 cc. of haemo- 
lytic system was added. The tubes were then re- incubated at 37° C. for 11/2 hours, 
removed from the incubator and the result read immediately. A final reading 
was made after the test had stood for 24 hours at room temperature. 
Interpretation of results. 
The presence of unlysed (sedimented) red -cells signified fixation of the 
particular amount of complement in that tube. Any degree of fixation less 
than 4 m. h. d. was ignored, as it was occasionally noted that normal rabbit 
serum yielded a fixation of 2 or 3 m. h. d. with virus antigen. 
Table I indicates the results obtained with a series of rabbits after they 
had been immunized first against Shope virus, and then with myxoma virus. 
Table I. 
by procedures (a) and (b), against: 




Shope fibroma virus myxoma virus 
Weeks after 
inoculation Weeks after inoculation 








Sh. Myx. - - - - -- 
- - - - 
- - - - 
Sh. Myx. 
+ - 
_ _ -- 
- - - - 
















= + ± -- - - - _. 
- - - - 
Sh. Myx. 
-+++ - ++ - + - - - - 
- - - - 
-{--{--I- = complete absence of lysis. 
++ = partial lysis. 
{ = slight lysis. 
-= complete lysis. 
Sh. = Shope fibroma virus antigen. 
Myx. = myxoma virus antigen. 
The serum of each animal was tested for complement - fixing antibodies 
before they had been immunized, and 2, 3 and 4 weeks after the date of the 
first injection. The result of the test 8 weeks after the rabbit received the last 
dose of fibroma virus or twelve weeks after the first dose, are recorded in the 
column headed 12. 
Rabbits now received two injections of myxoma virus, and this was 
followed by further tests carried out at the 14th and 20th week. 
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THE existence of specific complement -fixing antibodies has already been 
demonstrated in the sera of human subjects and in animals following recovery 
from certain virus infections. 
The present paper records the development of specific complement -fixing 
antibodies in the sera of rabbits after immunization with Shope's fibroma 
virus. 
METHODS. 
Strain of virus. -Two varieties of this virus have been used in the 
experiments, namely, the inflammatory (I A) strain and the fibromatosis (0 A) 
type. 
Method of immunization. -1 gm. of desiccated rabbits' testis infected with 
the I A strain of virus active to an end -titre of 1 : 1,000,000 dilution in broth 
was used as antigen. This was ground in a mortar, emulsified in 9 c.c. of 
0.86 per cent. saline, centrifuged at 3000 r.p.m. for 30 min., the supernatant 
fluid removed, and used for immunization as live virus. A similar 1 : 10 
dilution of infected tissue was prepared, heated to 55° C. for 60 min., tested 
for non -pathogenicity and used for immunization. Rabbits inoculated subcu- 
taneously with this extract failed to show any cutaneous reactions, and the 
virus was therefore presumed to be inactive or dead. 
The antigen control consisted of a 1 : 10 dilution of normal desiccated 
rabbits' testicle which was used for injecting control animals. 
Twelve rabbits were immunized with live virus, a similar number with 
inactive (heated) virus and 6 with normal rabbits' testicle tissue. Animals 
were injected at weekly intervals, and each received 0.5- c.c. subcutaneously, 
1 c.c. intravenously, 2 and 4 c.c. intraperitoneally respectively. 
Sampling of blood. -Sample bleedings were made at 2, 3 and 4 weeks after 
the date of the first injection, and a final specimen was taken 8 weeks after 
the last inoculation of virus. The serum was heated at 55° C. for 30 min. 
and about 1 c.c. used for an immediate complement- fixation test, the remainder 
being stored in the refrigerator. 
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Technique of complement fixation tests. -A fixed volume of serum and 
antigen and varying amounts of complement have been employed in the tests. 
The degree of the reaction has thus been assessed in terms of the number of 
m.h.d. of complement fixed. 
Reagents. 
Serum. -0.05 c.c. of rabbits' serum previously heated to 55° C. for 30 min. 
obtained as described above was used. 
Antigen. -A 1 : 1000 dilution of desiccated rabbits' testicular tissue was 
made up in 0.86 per cent. sodium chloride solution, centrifuged at 3000 r.p.m. 
for 30 min and the supernatant fluid removed. The opalescence shown by 
different specimens of testis tended to vary, and it was arbitrarily decided to 
standardize the suspension to the density of Brown's opacity tube No. 4. In 
practice this was found to be the maximum degree of opalescence permissible 
without interfering with the reading of hæmolytic effects on the mixture. 
Complement. -Guinea -pigs' complement which had been preserved after the 
method described by Sonnenschein (1930) was used throughout. This was 
titrated on each occasion before use, and the minimum hæmolytic dose (m.h.d.) 
usually varied from 0.005 to 0.006 c.c. 
Hcsmolytic system. -A 3 p.c. saline suspension of thrice washed sheep 
erythrocytes was sensitized with a standard amboceptor (B. W. & Co.), 0.35 c.c. 
being used to sensitize 50 c.c. of the suspension. 
Procedure. -To 4 tubes containing 0.05 c.c. of serum were added 4, 6, 8 
and 10 m.h.d. of complement respectively, followed by 0.5 c.c. of antigen to 
each tube. The effect of adding antigen last was also tried in a number of 
tests, and found to make no difference. 
Control. -The serum control consisted of 2 tubes containing 4 and 6 m.h.d. 
of complement plus 0.5 c.c. of saline. The antigen controls comprised 2 tubes 
with 0.5 c.c. of antigen and 4 and 6 m.h.d. of complement respectively. 
Length of time for which mixtures were incubated. -The above mixtures were 
incubated at 37° C. for 1 hours, and then 0.5 c.c. of sensitized cells was added 
to each. The tubes were next re- incubated at 37° C. for 12 hours, removed 
from the incubator and the result read. A final reading was made the next 
day after the tubes had been standing for 24 hours at room temperature. 
Interpretation of results. -Although certain sera with antigen fixed as much 
as 8 m.h.d. of complement, the reaction as a whole was a weak one. This was 
probably due to the fact that only dilute semi -opalescent extracts of Shope 
testis could be used as antigen, more concentrated tissue suspensions masking 
haemolysis. Fixation of less than 4 m.h.d. complement was ignored since 
normal rabbit serum sometimes fixed 2 or 3 m.h.d. 
RESULTS. 
Table I gives the results obtained with sera of rabbits which had been 
repeatedly immunized with living I A Shope virus. 
The serum of each animal was tested for complement -fixing antibodies 
before they had been immunized, and 2, 3 and 4 weeks after the date of the 
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first injection (see columns 2, 3, 4). The results of the tests 8 weeks after the 
rabbits received the last dose of virus (or 12 weeks after the first dose) are 
also recorded. 
Tests with two control sera were incorporated in each series ; one serum 
was obtained from a healthy uninoculated rabbit, and the other from a rabbit 




MHD Before Weeks after first injection. After interval 
complement. immunization. - _ of 8 weeks. 
2. 3. 4. 12. 
4 - + . ++ . ++ . - 
6 - - 
8 - - - 
10 - - 
Serum 4 - - 
control t 6 - - - - 
Antigen 4 - - - - - 
control { 6 - - - - 
Rabbit E. 
MHD Before Weeks after first injection. After 
complement. immunization. __ of 8 weeks. 
2. 3. 4. 12. 
4 - + + + + + + ±. .. 
6 - - ++ ++ - 
8 + . + . - 
10 - . - + - 
Serum 4 - - 
control 6 - - - - 
Antigen r4 - - - - 
control t 6 - - - - 
-= complete lysis. -}- = partial lysis. -F = trace of lysis. + ++ = no lysis. 
From the above and other data it was concluded that rabbits repeatedly 
injected with live Shope (I A) strain of virus develop complement -fixing 
antibodies for that agent. These were occasionally observed as early as two 
weeks after the first injection of live virus had been administered (Rabbit B), 
but were more usually present 3 weeks after the first inoculation, and were 
well marked at the fourth week (Rabbit E). In Rabbit A and 3 others which 
are not included in the table, notwithstanding repeated doses of live virus, no 
complement -fixing antibodies appeared, and in animal B only 4 m.h.d. were 
fixed. All 4 animals showed a cutaneous reaction after the first dose of virus 
had been given, and failed to show any further skin response when injected 
with active virus after their course of immunization. Thus, although the 
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animals appeared to have developed active immunity to Shope virus, it is 
interesting to record that no complement -fixing antibodies were demonstrable 
in their sera. The sera of these animals were later examined for virus - 
neutralizing properties and reference to these is made below. 
Result of Immunization with Heated (Killed) Virus. 
As stated earlier, 12 rabbits were inoculated with testicular extract con- 
taining Shope virus I A strain, which had been previously heated to 55° C. for 
60 min. As before, sample bleedings were made from the animals before they 
were inóculated, and after 2, 3, 4 and 12 weeks respectively. Sera were tested 
for the presence of complement -fixing antibodies as in the case of rabbits 





MHD Control serum first injection. After interval 
complement before immuni- of 8 weeks. 
tested. zation. 2. 3. 4. 12. 
4 - + + + 
6 -. +. ++ 




The foregoing result, noted in rabbit H, was very similar to the response 
elicited in three others. These indicated that the inoculation of heated 
(presumably killed) virus stimulated the production of specific complement - 
fixing antibodies. Their occurrence, however, was slightly delayed in com- 
parison to the response following injection of live virus, and they did not 
appear until the third week. Their presence was well marked at the fourth 
week, and two months after the last dose of heated virus they had 
completely disappeared. In two rabbits not mentioned in the table, no 
complement -fixing antibodies could be demonstrated at any period. 
Cross Complement - fixation Tests with. I A and 0 A Strains of Virus. 
Tests were performed in order to discover whether the sera of rabbits 
which had been immunized with I A strain of virus would fix complement in 
the presence of antigen consisting of a saline extract of testicle infected with 
the' O A virus. 
The serum of each animal was accordingly tested against I A and O A 
testis antigens. 
Two serum controls were also included, one derived from a normal rabbit 
and the other from one which had been repeatedly injected with normal rabbit 
testis, 
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TABLE III. 
Serum of rabbit injected with living Shope fibroma 
virus strain I A with - 
I A. 0 A. Normal testis. 
M.H.D. of 
complement. B A 
Saline. 
B A B A 
4 - ++ - ++ 
6 - + . - + . 
8 - + - - - 
10 - - - - 
Serum of rabbit injected with heated Shope fibroma 
virus strain I A with - 
I A. O A. Normal testis. 
M.H.D. of - 
complement. B A B A B A 
4 - + +. - + +. - 
6 - + . - + . - 
8 - + - - - - 
10 - - - - - - 
Saline. 
Serum of normal rabbit with- Antigen control. 
M.H.D. of Normal Saline. Normal complement. I A. 0 A. testis.  I A. O. A. testis. 
4 - . - . - . - . - 
6 - - . - 
8 
10 
B = Before immunization. A = after immunization 2 weeks after the last dose. 
The results indicated that the sera of rabbits which have been immunized 
with the I -A strain of virus (live or heated) show cross complement- fixation 
for both the I A as well as the 0 A virus, though to a lesser extent. It was 
also possible to show that rabbits inoculated with the 0 A strain revealed 
similar cross complement- fixation for I A antigen. There was no evidence 
that the sera of rabbits immunized against Shope virus produced non -specific 
complement -fixation with either normal testis or that containing vaccinia 
virus. 
The Relationship of Complement fixing Antibodies to Virus- neutralizing 
Properties of Immune Sera. 
A number of rabbits which had been immunized with the I A strain of 
virus were bled and their sera tested for virus -neutralizing antibodies. The 
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heated (killed) virus, (c) those which showed complement -fixing antibodies 
in their sera, and (d) those in which no complement -fixing antibodies were 
demonstrable, notwithstanding the repeated injections of virus they had 
received (e. g. Rabbit A). The control consisted of serum obtained before 
immunization. 
This experiment made it possible to estimate the degree of virus neutrali- 
zation by a serum and to correlate this result with the complement -fixing 
power. 
Technique. -0.25 c.c. of serum, heated to 55° C. for 30 min., was added to 
0.25 c.c. of falling decimal dilutions of virus ranging from 1 : 20 to 1 : 2,000,000. 
The mixtures were thoroughly shaken, and each dilution was inoculated into 
the shaved skin of a rabbit. Two sets of titrations were performed on each 
animal, and the size of the papule was measured on the fifth and tenth days 
after inoculation. 
The results indicate that after repeated injections of either living or killed 
virus the serum of the animal acquires neutralizing properties for the virus, 
and that the activity is unrelated to the complement -fixing power. For 
example, Rabbit A before immunization possessed neither complement -fixing 
antibodies nor virus -neutralizing properties in its serum, but after immunization 
with live virus, although no complement -fixing antibodies were developed, the 
serum of this rabbit had strong neutralizing power. 
Shope fibroma virus immune sera thus could be showed to possess 
virus- neutralizing properties without evidence of specific complement -fixing 
antibodies. has not been possible, obtain sera containing 
complement -fixing properties without also possessing virus neutralizing proper- 
ties. To summarize, it may be stated that complement -fixing antibodies 
may or may not appear in the serum of an animal immunized with Shope 
fibroma virus, but when present, the serum also possesses virus- neutralizing 
properties. The latter property has been demonstrated following inoculation 
with either living or dead virus, and may occur in marked degree without 
the serum exhibiting any evidence of specific complement -fixation. 
DISCUSSION. 
The facts recorded are plain, and are in agreement with similar findings of 
earlier workers in respect of other virus diseases. The present work has shown 
that complement -fixing antibodies appear in the sera of rabbits immunized either 
with living or dead Shope fibroma virus. At one time it was thought that 
dead viruses were devoid of antigenic value. This opinion has been dispelled 
by the work of Bedson (1931), who clearly demonstrated the immunizing 
properties of killed herpes virus. He moreover showed that whereas a suspen- 
sion of virus material killed by heating at 60° -100° C. lost its antigenic power, 
it did not do so if formalin was added to the suspension before heating it. 
The immunizing value of killed virus has also been demonstrated in the case 
of influenza by Andrewes (1937), Wilson Smith (1937) and Fairbrother and 
Hoyle (1937). Both complement -fixing and virus -neutralizing properties 
developed in the sera of rabbits after repeated doses of either live or heat -killed 
Shope fibroma virus. It is interesting to record that although some of the 
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rabbits showed virus- neutralizing antibodies in their sera, no complement - 
fixation could be demonstrated at the same time. The converse, however, 
was not encountered, for every serum possessing complement -fixing antibodies 
also in high dilution neutralized the virus. The former were usually demon- 
strable 2 -3 weeks after the first injection, and generally disappeared about 
8 weeks after the last dose of virus had been administered. 
Bedson (1933), on the contrary, working with psittacosis virus found that 
although convalescent patients' sera contained complement -fixing properties, 
it possessed a low virus -neutralizing effect. These facts tend to suggest that 
the immunity mechanism prevailing in psittacosis infection might be different 
from that produced by Shope fibroma virus. 
CONCLUSIONS. 
1. Rabbits immunized with live Shope fibroma virus of either the I A or 
O A strain developed complement -fixing as well as virus- neutralizing properties 
in their sera. 
2. Both the I A and 0 A strains were indistinguishable from their 
complement -fixation reactions. 
3. Complement -fixing antibodies appeared about 2 -3 weeks after injection. 
They usually disappeared about 8 weeks after the last dose of virus was given. 
4. Shope fibroma virus when heated to 55° C. for one hour still retains its 
antigenic properties, giving rise to both complement -fixing and neutralizing 
antibodies. 
5. Notwithstanding repeated doses of living (or dead) virus, no complement - 
fixing antibodies appeared in the sera of certain rabbits. 
6. The sera of such animals, however, showed a powerful virus- neutralizing 
effect. 
Whereas all the sera yielding complement -fixation also neutralized the 
virus, none were found in which complement -fixing antibodies were present 
without showing virus neutralization also. 
It is with pleasure that I desire to thank Dr. C. H. Andrewes, who kindy 
supplied me with specimens of Shope fibroma and papilloma virus. Also Prof. 
Mackie for many helpful suggestions received. The work has been done 
during receipt of an expenses grant from the Medical Research Council. 
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COMPLEMENT -FIXATION TESTS IN RELATION TO THE STUDY 
OF VIRUSES 
The earlier literature on this subject contained many conflicting reports, 
but in subsequent years various improvements in technique introduced 
by later workers, notably by Bedson, Craigie and others, have led to 
the more extensive use of complement- fixation tests in the study of 
viruses. 
Analogous to bacterial complement- fixation phenomena, it has been 
proved that the antiviral sera are capable of fixing complement in the 
presence of their homologous antigens, just as do antibacterial sera with 
suspensions of the appropriate micro-organism. Such tests are being 
extensively employed at the present time, and it is probable that they 
may provide a means by which different viruses can be identified and 
strains of the same agent more closely studied. Positive complement - 
fixation tests have been described in many different virus diseases by 
numerous workers. In vaccinia and variola, the reaction has been studied 
by Jobling (1906), Sugai (1909), Hammerschmidt and Konschegg (1917), 
Gordon (1925), Ritossa (1925), Sobernheim (1925, 1927), Gildemeister and 
Heuer (1928), Bedson and Bland (1929), Gilmore (1931), and Craigie and 
Wishart (1936) ; in herpes febrilis, by Takaki, Bonis, and Koref (1926), 
Bedson and Bland (1929), and Bedson (1931) ; in herpes zoster, by Bedson 
and Bland (1929) ; in psittacosis, by Bedson (1933, 1937) ; in lymphogranu- 
loma inguinale, by Hecht (1935), and Hildebrand (1936) ; in human influ- 
enza, by Fairbrother and Hoyle (1937), Hoyle and Fairbrother (1937), and 
Francis, Magill, Rickard, and Beck (1937). In certain neurotropic virus 
infections of man, specific complement- fixation reactions have been recom- 
mended as an aid to diagnosis, and Takaki, Bonis, and Koref (1926) 
employed them for the differentiation and identification of rabies, Japanese 
encephalitis, and certain other virus infections of the central nervous 
system, while, more recently, Howitt (1937) claimed to have differentiated 
three strains of equine encephalomyelitis virus and that of lymphocytic 
choriomeningitis by this procedure. 
Complement -fixation tests have also been described in certain animal 
virus diseases, e.g. foot -and -mouth disease by Ciuca (1929) ; in Shope's 
fibroma of rabbits (van Rooyen, 1938 ; Andrewes and Ahlström, 1938) ; 
also in infectious myxomatosis of rabbits (van Rooyen and Rhodes, 
1938). 
The technique of performing a complement -fixation test, using a virus 
suspension as antigen and its homologous antiserum, is little different 
from that of carrying out any routine complement -fixation test (see 
Mackie and McCartney, 1938 ; Browning and Mackie, 1937). The main 
difference lies in the fact that, since viruses cannot be grown in large 
amounts on culture media like ordinary bacteria, antigen consisting 
of infected tissues must be employed instead. The use of the latter 
presents two disadvantages, the first of which is that it necessitates the 
use of an additional antigen and serum control. The second drawback 
is that since the concentration of virus in the tissues may be relatively 
low, its complement - binding potency may be correspondingly feeble, so that 
a finely balanced test must be set -up and sufficient time must be allowed 
for union of antigen and antibody to take place (see Bedson, 1928). 
The most successful of these methods is that used by Bedson and 
Bland (1929) who allow complement- fixation to occur slowly over a 
period of hours at a low temperature, similar to the procedure at one time 
used for increasing the delicacy of the Wassermann test. 
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The modes of preparing antigen have also received attention, different 
methods being used according to circumstances. These are referred to 
below under their respective diseases. The haemolytic system employed 
is similar to that used for the Wassermann test, and has usually consisted 
of a 3 or 5 per cent. suspension of either sheep or ox erythrocytes sensitized 
with about 5 m.h.d. of homologous immune body. Guinea -pig complement 
is universally employed, and this can be used either fresh, or preserved by 
Sonnenschein's (1930) method.. (see Mackie and McCartney, 1938), or 
else desiccated complement (Craigie, 1931) may be substituted. It is 
well to use the mixed serum of several animals. The minimum haemolytic 
dose of complement is determined in the usual way by titrating it .on 
sensitized corpuscles to be used for the particular experiment, and the 
test can be performed . by thé addition of a fixed volume of serum- antigen 
mixture to varying amounts of complement, or vice versa. Thus, certain 
workers have preferred to use a fixed amount of complement in their 
tests, usually about 4 m.h.d., and add varying dilutions of serum, whereas 
others have chosen to employ a fixed volume of serum with increasing 
quantities of complement, ranging from 4 to 10 m.h.d. Others have 
diluted the antigen and kept the remaining reagents constant in volume 
(Craigie and Wishart, 1936). 
Presentation of results. 
One may present the result in terms of the dilution which gives 
positive fixation with the particular antigen in the presence of a constant 
amount of complement. It may also be reported according to the number 
of m.h.d. of complement fixed by a constant mixture of antigen and 
serum. It must be emphasized that unless the same pooled complement 
is used throughout a series of tests comparisons cannot be made, since the 
deviability of different specimens of complement may vary considerably 
(Noguchi and Bronfenbrenner, 1911). Either method is equally good, 
but many workers, including ourselves, have preferred to use a fixed . 
quantity of serum, with four or five increasing amounts of complement 
such as 2, 4, 6, 8, and 10 m.h.d. respectively. The third method is de- 
scribed later. 
Time and temperature. 
The sequence in which the reagents are added conforms to standard 
serological practice, antigen, serum, and complement being added in that, 
order. These are incubated together for either 1 hour at 37° C. as advised 
by Ciucp, (1929) and Laidlaw and Dunkin (1931), or else for 18 to 20 hours at 
8° to 10° C. as advocated by Bedson (1928), Bedson and Bland (1929), and 
Craigie and Wishart (1936). Others, such as Hoyle and Fairbrother (1937), 
in their tests with influenza virus, incubate the mixtures for 4 hours at 
37° C., followed by a further . period of 24 hours at 0° C., as these 
workers have pointed out that since the fixation of complement by mix- 
tures of antigen and antibody may be slow, prolonged interaction is 
necessary. Owing to the fact that complement deteriorates rapidly if 
maintained at 37° C. for longer than 2 to 3 hours, when fixation is per- 
formed over a period of 16 to 18 hours' duration, low temperature is 
obligatory (see also Thomson, Hazen, and Buchbinder, 1932). Thus, in 
a review of the literature dealing with this subject, Parker and Muckenfuss 
(1933) have suggested that the failure of the earlier investigators to 
demonstrate specific complement -fixation with variola- vaccinia virus, can 
be attributed to the fact that the virus and antigen were incubated for too 
short a time. 
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Technique. 
Craigie and Wishart (1936) recommend the following scheme for per- 
forming the variola -vaccinia complement -fixation test in which they 
dilute the antigen, the preparation of which is described on p. 88. 
Scheme for the Variola- Vaccinia Complement- Fixation Test 
TABLE V 
Test. 
(a) Antigen, serial dilutions . . 0.2 c.c. 
(b) Complement, 3 m.h.d. in 0.2 c.c. . 0.2 c.c. 
(c) Serum, constant dilution . . 0.1 c.c. 
Controls. 
(1) Antigen, serial dilutions as in (a) . 0.2 c.c. 
Complement, 1.5 m.h.d. in 0.2 c.c. . 0.2 c.c. 
Saline 0.1 c.c. 
(2); Complement, 3 m.h.d. in 0.2 c.c. (diluted tin 3) distributed as 
follows, the object of the arrangement being to ascertain 
whether complement had deteriorated during the long period 
of 16 to 18 hours' fixation at low temperature: 
Tube 1 2 3 4 5 6 7 8 
Diluted comp. 1 in 3 0.4 0.3 0.2 0.15 0.4 0.3 0.2 0.15 c,c. 
Saline . 0.1 0.2 0.3 0.35 . 0.1 0.2 0.25 c.c. 
Serum, constant dil. as in (c) . .. 0.1 0.1 0.1 0.1 c.c. 
Estimated m.h.d. of comple- 
ment present . . 2.0 1.5 1.0 0.75 2.0 1.5 1.0 0.75 m.h.d. 
Test and controls kept in cold room overnight 16 to 18 hours; then after standing 
at room temperature for 30 minutes, the haemolytic system is added. This consists 
of a 5 per cent. suspension of washed sheep cells sensitized with 5 minimum sensi- 
tizing doses of amboceptor. 0.25 c.c. of the cell suspension is added to each tube. 
The tests are read after incubation for minutes. 
The complement employed for the reaction consists of guinea -pig 
serum which has been dried from the frozen state (see Craigie, 1931). 
Since prolonged cold -room fixation is necessary, it will be observed 
from Table V that a special control is included, in order to ascertain 
whether the different dilutions of complement employed have deteriorated 
during the period of 16 to 18 hours' fixation. 
The serum employed is antivaccinial serum derived from rabbits im- 
munized against vaccinia virus, and the antigen consists of a saline 
extract of variolous material prepared according to the procedure described 
below. 
ANTIGENS USED, WITH NOTES ON THE CONDUCT OF 
INDIVIDUAL TESTS 
Many different kinds of preparation have been employed: Bedson and 
Bland (1929) used a 5 per cent. suspension of tissue containing either 
vaccinia or herpes virus made up in M /50 phosphate buffer solution of 
pH 7.6 and clarified by slight centrifugation or prolonged standing. 
A similar 5 per cent. suspension of virulent mouse spleen containing 
psittacosis virus was found satisfactory for complement -fixation tests in 
connexion with this virus by Bedson (1933). 
Gilmore (1931) used vaccinia virus cultivated for 17 to 24 passages in 
a medium consisting of a 3 per cent. suspension of rabbit kidney, 30 per 
cent. rabbit serum, and 67 per cent. Tyrode's solution (see Maitland and 
Maitland, 1928 ; and Maitland and Laing, 1930). Cultures were incubated 
at 37° C. for 4 to 7 days, ground with sand, emulsified in saline, the large 
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particles allowed to settle, and a 2 per cent. suspension of the upper layer 
made in saline. 
Vaccine calf lymph . was shown to fix complement in the presence 
of sera derived from vaccinated calves by Jobling (1906) ; this same 
antigen has been employed for tests with anti -smallpox sera with positive 
results by Dahm (1909) and Kolmer (1916) ; and further work on the 
subject has been recorded by Xylander (1909), Bermbach (1909), Teissier 
and Gastinel (1912), and Konschegg (1915). Boiled vaccine lymph was 
also found to behave as an equally effective antigen in complement -fixa- 
tion tests with vaccinial or variolar antiserum (Lurje and Wolkowitsch, 
1928 ; Glaser and Koref, 1928). 
Wollman and Urbain (1928) demonstrated positive complement -fixa- 
tion when using an emulsion of brain tissue infected with vaccinia virus 
and guinea -pig immune serum. Myers and Chapman (1937) used as 
antigen vaccinia virus grown in the developing chicken embryo. 
The vesicle fluid derived from cases of herpes zoster has been shown 
to possess complement -fixing properties with convalescent serum derived 
from patients recovered from the disease by Netter, Urbain, and Weiss- 
mann- Netter (1924) and by Bedson and Bland (1929). On the other 
hand, convalescent sera from cases of varicella contained, according to 
Netter and Urbain (1924), no complement -fixing antibodies for zoster 
antigen. 
Washed suspensions of vaccinial elementary bodies, as well as Seitz 
filtrates of tissue extracts (which contained the specific precipitable 
substance of vaccinia), also behaved as suitable antigens for the comple- 
ment- fixation test (Craigie and Wishart, 1934 b). 
Dried skin crusts or vesicle or pustule fluid obtained from suspected 
cases of smallpox have been utilized by Craigie and Wishart (1936) as 
antigen for the serological diagnosis of smallpox, by the complement - 
fixation reaction (see p. 87). Desiccated specimens were macerated for 
a few hours in 8.5 per cent. sodium chloride, and in the case of dried 
fluid or swabs only 0.2 c.c. of saline was added. After several hours at 
room temperature F8 c.c. of neutral distilled water was added, the 
suspension centrifuged at high speed for 20 minutes, and the supernatant 
fluid used. With crusts, 40 mg. was macerated in 0.2 c.c. of 8.5 per 
cent. sodium chloride, broken -up with a glass rod, 1.8 c.c. of distilled 
water added, the suspension centrifuged, thé supernatant fluid removed 
and used as antigen in the test. 
The sera employed for the reaction have consisted of antivaccinial 
hyperimmune sera prepared by the immunization of rabbits with 
either washed elementary bodies or with Seitz filtrates of extracts of 
lesions. 
Parker and Muckenfuss (1933) attempted to prepare a chemically pure 
antigen by treating infected tissue extracts with ammonium sulphate 
and carbon dioxide followed by dialysis in collodion sacs. Elution in 
alkaline solution followed by absorption with kaolin was tried also, but 
without success, as the antigenic properties of the final product were 
diminished and became anticomplementary. Alcoholic extracts prepared 
from variolar crusts have been found satisfactory by Ritossa (1925), but 
tissue extracts prepared from post -mortem material derived from cases 
of variola were unsuitable as antigen for complement -fixation tests (see 
Dahm, 1909 ; Kryloff, 1911; Konschegg, 1915 ; Hallenberger, 1917, 1918). 
For tests in foot - and -mouth disease, antigen consisting of Berkefeld 
filtrates prepared from infective tissues was used to fix complement in the 
presence of serum derived from hyperimmunized cattle (Lourens, 1909). 
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Unfiltered vesicle fluid also proved to be an equally efficient antigen, 
and Mezincescu, Baroni, and Calinescu (1923) and also Urbain (1927) used 
such material in their experiments. Ciuca (1929) has reinvestigated the 
subject and adduced additional evidence regarding the complement - 
fixation test in foot - and -mouth disease. The antigen employed by him 
consisted of either (a) an alcoholic extract prepared after Bordet's method, 
from vesicle epithelium or the feet of infected guinea -pigs, diluted 1:10 or 
1:50 before use ; or (b) vesicle fluid derived from lesions on the feet of 
guinea -pigs 24 hours after intradermal inoculation, diluted 1:10 or 1:50 
in phosphate solution of pH 7.6, centrifuged, passed through a Seitz 
filter, stored for 15 to 60 days in a cold room, and then used for test ; 
or (c) a watery suspension prepared from the foot lesions of guinea -pigs 
excised 18 to 24 hours after inoculation, allowed to macerate for 15 days, 
filtered through a Seitz disk, and used as antigen. 
With these antigens the presence of complement -fixing antibodies was 
demonstrated in the sera of guinea -pigs 7 days after infection with virus ; 
they attained a maximum on the twenty -first day, lasted 55 days, and 
disappeared after 72 days. 
Ciuca (1929) maintained that the reaction was highly specific, as non- 
specific complement- fixation was never produced by normal guinea -pig 
serum. Furthermore, it was possible to identify and differentiate strains 
of virus such as the Vallée O, Vallée A, and Waldmann C types by the 
specificity of their reactions. 
Influenza 
Saline tissue extracts obtained from mouse lung infected with influenza 
virus have been used as antigen by Fairbrother and Hoyle (1937) and 
Hoyle and Fairbrother (1937). The antigenic fraction of such extracts 
appeared to be soluble and could not be deposited by centrifugation at 
13,000 r.p.m. for 45 minutes. Its activity was destroyed by heating at 
70° C. for 15 minutes, or by adding N/5 sodium hydroxide for 15 minutes, 
and was considerably reduced by treatment with N/5 hydrochloric acid. 
It was partially precipitated by treating mouse lung suspensions with 
1 per cent. acetic acid and could be recovered by redissolving the deposit 
in buffer solution of pH 7,3. Hoyle and Fairbrother (1937) state that this 
complement -fixing antigen which they have prepared from influenza virus 
in mouse lung is a soluble substance probably liberated during multi- 
plication of the virus in the tissues. 
Lymphogranuloma Inguinale 
In lymphogranuloma inguinale (L.G.I.), Hecht (1935) and Hildebrand 
(1936) have described complement- fixation tests, and the latter obtained 
specific fixation using immune rabbit serum with a variety of different 
antigens such as extracts prepared from infected mouse brain, M. rhesus 
monkey brain, guinea -pig lymphatic glands, or human buboes affected 
with the disease. Tests with patients' sera proved disappointing, for only 
partial fixation resulted between them and antigen prepared from human 
buboes, while no precipitation occurred with infected guinea -pig lymphatic 
gland extract. 
Rift Valley Fever 
Broom and Findlay (1932) have demonstrated the existence of specific 
complement -fixing antibodies in the sera of humans and animals recovered 
from the disease. The antigen used was either a 2 per cent. saline extract 
prepared from fresh infected mouse or rat liver, or from similar tissues 
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which had been desiccated over phosphorous pentoxide. For the test, 
three different dilutions of the antigen suspension were used, namely, 
0.25 c.c. of 2 per cent., 1 per cent., and 0.5 per cent. antigen suspensions, 
respectively, to which 0.25 c.c. containing 3 m.h.d. of complement and 
0.25 c.c. of immune serum was added. The mixtures were incubated at 
37° C. for 1 hour ;.0.25 c.c. of a 2.5 per cent. suspension of sheep erythro- 
cytes sensitized with 5 m.h.d. of amboceptor was then added ; the incu- 
bation was Continued for a further 10 minutes and the results then read. 
The serum control consisted of normal human or animal serum, the 
antigen control being normal mouse or rat liver. In addition, an extra 
control was included in which a known positive serum was tested against 
infected liver tissue as well as normal liver. 
Dengue 
Partial success with complement- fixation reactions has been claimed 
by Simmons, St. John, and Reynolds (1931) who at first tried to perform 
the test with antigen consisting of infected human blood, or the liver or 
spleen of infected Macacus philippinensis monkeys, but with negative 
results. Later, however, they were able to demonstrate fixation with 
antigen consisting of ground -up infected aëdes mosquitoes, for which 
purpose 279 insects were suspended in 95 per cent. alcohol, allowed to 
stand for 12 days, centrifuged, and the supernatant fluid diluted to make a 
1:10 suspension in physiological saline. 
With such antigen Simmons and his co- workers were able to show the 
presence of specific complement -fixing antibodies in the sera of individuals 
who had suffered from dengue fever, the reaction being found positive 
from the first to the ninth day of the patient's illness. 
Yellow Fever . 
Frobisher (1929) and Davis (1931) have demonstrated that the sera 
of persons or monkeys after recovery from an attack of yellow fever 
develop specific complement -fixing antibodies. An . antigen suitable for 
the test has been prepared by Frobisher (1931 a) according to the following 
procedure: The livers of several rhesus monkeys which had died from 
yellow fever were excised, freed from adventitious tissue, weighed, eut 
into small fragments with scissors, and ground in a mortar with sand to 
form a paste. This was then spread over the surface of a flat dish, 
placed in a desiccator over sulphuric acid, dried in vacuo for 18 to 24 
hours, and the desiccate placed in hermetically sealed containers and 
stored in a refrigerator until required. Although saline suspensions of 
such material were found to act as an efficient antigen, better results were 
obtained using dried liver tissue from which the fat had been removed. 
This was done by placing the material in a Soxhlet apparatus and extract- 
ing the fat by treating it with ether for 8 hours or longer. The antigen 
was now prepared from the fat -free liver substance by first treating it 
with hypertonie salt solution and then diluting the mixture before use.. 
To a measured bulk of tissue, about one -half of its weight of a 9 per cent. 
solution of sodium chloride was added, allowed to macerate for 4 to 
24 hours in the refrigerator, diluted to 0.9 per cent. sodium chloride by 
addition of distilled water, centrifuged for 30 minutes, and the super- 
natant fluid passed through a Berkefeld V filter, this filtrate being used 
as antigen for the test. 
Technique. . Frobisher (1931) employed the following method: Sera to 
be tested were inactivated by heating at 56° C. for 30 minutes ; 0.2 c.c. 
was placed in one test -tube, and 0.1 C.C. phis 0.1 c.c. of saline added 
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to another; followed by the addition of 0.2 c.c. of diluted antigen to 
each tube. In a third tube 0.2 c.c. of physiological saline was placed. 
To all three tubes 2 m.h.d. of guinea -pig complement were added. The 
mixtures were then incubated at 37° C. for 1 hour, at the end of which 
04 c.c. of a haemolytic system consisting of 5 per cent, sheep erythrocytes 
sensitized with 2 units of sheep antibody was added. The test was 
replaced in the incubator at 37° C. for a further period of 30 minutes, 
and the result read at the end of this time or at such time as the controls 
showed complete lysis. 
Psittacosis 
The complement- fixation reaction has been proved a valuable aid to the 
diagnosis of suspected cases of this disease (Bedson, 1935). The antigen 
employed for the reaction consists of a 5 per cent. saline suspension 
of virulent mouse spleen, which has been allowed to stand in a refrigerator 
at +4° C. for one week, in order to annul any traces of natural complement 
(or alternatively, it is heated at 56° C. for 30 minutes), and 0.1 c.c. bulk 
used for the test. Boiled antigen was also shown to be effective by Bedson 
(1937). The patient's serum to be examined is diluted 1 : 1 to 1 : 8 
and 0.1 c.c. of each dilution employed. Two m.h.d. of complement are 
used throughout the test. The mixtures are incubated at room tempera- 
ture for 2 to 3 hours, 0.2 c.c. of sensitized cells added, the tubes placed 
in the water -bath at 37° C. for 30 minutes, and the reaction read at the 
end of that time. Bedson points out that the specific complement -fixing 
power of these human psittacosis sera is of a low order and that a fairly 
balanced test is essential to elicit the reaction. Rigorous controls are also 
necessary to eliminate false reactions. The reaction has been found to be 
positive as early as the twelfth day and as late as the fifth week of the 
patient's illness. How long complement -fixing antibodies remain in the 
patient's serum has not yet been determined. 
TESTS WITH BOILED ANTIGENS 
`Koktoantigen' or boiled infected brain tissue was used as antigen for 
the complement -fixation tests by Torikata (1917), Nakagawa (1924), 
and Takaki, Bonis, and Koref (1926). Their method was as follows: 
Brain tissue infected with a neurotropic virus preserved for 10 days or 
longer in 50 per cent. glycerine was ground up in 0.85 per cent. sodium 
chloride to yield a 10 per cent. suspension of brain tissue. This material 
was boiled for 30 minutes in a water -bath ; allowed to stand for 12 to 
24 hours, sharply centrifuged, and the supernatant opalescent fluid used 
as antigen in the tests. With such material Takaki, Bonis, and Koref 
(1926) successfully identified and differentiated by specific complement - 
fixation certain neurotropic viruses, such as those of Japanese and 
European encephalitis (Levaditi). Their tests also revealed the identity 
of the last -named virus with that of herpes febrilis (Doerr, 1926 ; Luger 
and Lauda, 1925). This work also established that the viruses of Silber- 
stein (1925), rabies, Koritschoner, and neurovaccine (Levaditi) were 
separate and unrelated entities. 
Gildemeister and Heuer (1928) have criticized the findings of Takaki, 
Bonis, and Koref (1926) for, although the former agreed that complement - 
fixation occurred 'between antivaccinial serum and homologous brain 
`koktoantigen', they questioned the specificity of the reaction as claimed 
by Takaki and his colleagues in respect of herpes virus. Gildemeister and 
Heuer pointed out that normal brain tissue occasionally produced non- 
specific complement -fixation and, moreover, owing to the unreliability of 
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such tests when performed on experimental animals, they expressed 
doubts concerning its practical value as a diagnostic reaction in man. 
The identification of certain neurotropic viruses by the results of 
complement -fixation tests have also received the attention of Hewitt 
(1937). This author employed infected desiccated brain tissue which was 
ground up with ether ; stored for some hours on ice ; the ether removed ; 
the residue suspended in 0.85 per cent. saline ; left for 6 to 12 hours on ice ; 
repeatedly frozen and thawed at 37° C. ; centrifuged ; the supernatant fluid 
removed and used as antigen. The antigen was not heated and the tests 
were carried out by allowing complement- fixation to occur over a period 
of 16 hours at refrigerator temperature. Use was made of this technique 
for investigating the immunological cross -reactions of the Eastern 
American, Western American, and Moscow No. 2 strains of equine ence- 
phalomyelitis virus as well as the virus of lymphocytic choriomeningitis. 
The immune serum employed was derived from guinea -pigs hyperimmun- 
ized against individual strains, and "the results showed that each of the 
three different strains of equine encephalomyelitis virus investigated could 
by the procedure in question be differentiated from each other, as well as 
from the virus of benign lymphocytic choriomeningitis. 
The complement- fixation test has also been . performed in psittacosis 
with boiled antigen by Bedson (1937). Material was prepared as follows: 
a heavily infected mouse spleen was suspended in 5.0 c.c. of M /50 phos- 
phate buffer solution of pH 7.6, and allowed to sediment for 24 hours in the 
refrigerator ; the supernatant fluid was removed, and centrifuged for 12 
hours on the angle centrifuge ; the supernatant fluid was discarded, and 
the deposited material resuspended in'5.0 c.c. of phosphate buffer, follow- 
ing which coarse fragments were removed by light centrifugation ; the 
suspension was finally steamed for 30 minutes and employed as antigen 
in the test. The control antigen consisted of normal mouse spleen which 
was similarly treated. 
Boiled antigen prepared by this method was found useful for demon- 
strating the presence of complement -fixing antibodies in the sera of human 
cases of psittacosis, and Bedson found that heating not only increased the 
sensitivity of the material, but also made it easier to preserve and safer 
to handle. 
In the case of herpes virus, however, heated antigen has given dis- 
appointing results, and Bedson and Bland (1929) reported that heating 
greatly diminished the antigenic activity of tissue extracts prepared from 
infected guinea -pig feet. 
THE IMPORTANCE OF ADEQUATE CONTROLS IN COMPLEMENT- 
FIXATION TESTS APPLIED TO THE STUDY OF VIRUSES 
It cannot be too strongly emphasized that all serological tests such as 
complement -fixation, agglutination, or neutralization tests should be 
carefully controlled if the results are to be of value. As alluded to 
earlier in this chapter, the subject demands particular attention in the 
study of human virus infections, since these agents are only cultivable 
along with living cells and the presence of the latter may per se cause cer- 
tain non -specific effects. For example, although it is well known that many 
viruses function as efficient antigens in specific complement -fixation re- 
actions, yet earlier literature on this same subject contained many contra- 
dictory reports. In reference to this point, Parker and Muckenfuss 
(1933) have pointed out that some of the results reported were useless, 
either because they were insufficiently controlled, or else because they 
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did not contain sufficient data. For instance, when attempting to 
prepare a hyperimmune guinea -pig antivaccinial serum by inoculating 
the animal with vaccinia virus grown in rabbit testis, the experiment 
should be controlled by preparing another serum derived from a separate 
guinea -pig which has received a similar number of doses of normal 
rabbit testicular extract. The serum of a normal guinea -pig, if employed 
as a control under such circumstances, would obviously be an inadequate 
check. This control is essential, for although the resulting antivaccinial 
serum may show true complement -fixation effects, it is important to 
guard against fallacious non- specific fixation caused by inoculation of a 
guinea -pig with rabbit protein. An additional antigen control consisting 
of normal healthy testis tissue should also be incorporated in the experi- 
ment in every case. 
The state of our knowledge regarding the extent to which the parenteral 
injection of tissues derived from one species of animal into those of another 
gives rise to various immunological effects is as yet incompletely under- 
stood ; for example, in the case of the Forssman reaction, the inoculation 
of a rabbit with the kidney tissue of a guinea -pig leads to the production 
of an haemolysin in the rabbit's serum for sheep erythrocytes. A hypo- 
thetical instance in which this phenomenon would interfere with the 
performance of a complement - fixation test applied to a virus disease 
would be as follows : if a rabbit were immunized with a virus contained 
in an infected guinea -pig's kidney, the rabbit's serum would not only 
develop complement -fixing antibodies for the particular agent introduced, 
but would simultaneously produce an haemolysin for sheep cells. Under 
such circumstances an haemolytic system consisting of sensitized ox cells 
would have to be substituted for sheep cells. During the course of sero- 
logical studies in connexion with viruses, a careful watch should always 
be kept for the appearance of phenomena of a similar type, and no positive 
result should be accepted unless it has been proved beyond doubt that the 
effect is specifically due to the antigenic properties of the virus itself, and 
not one peculiar to the tissues of the animal in which the virus has been 
cultivated. 
In their carefully controlled experiments on influenza virus, "Fairbrother 
and Hoyle (1937) have revealed the practical importance of this point, 
for, when they endeavoured to .apply. the complement- fixation test to 
ferret sera, they found from their control experiments that the com- 
plement- fixation which occurred between anti -influenzal ferret serum 
and influenzal mouse lung was non -specific in character, as the same effect 
was obtained with normal mouse lung as antigen. Likewise the work of 
Gildemeister and Heuer (1928) showed that normal rabbit brain tissue 
could behave in a similar manner, and Hildebrand (1936) also disclosed 
that rabbit serum and normal human lymphatic glands could act in 
the same way. In the past five years the researches of Bedson, Craigie, 
Fairbrother, and others, have improved the technique of complement - 
fixation reactions applied to the study of viruses, and their results have 
indicated the great possibilities offered by such tests in differentiating and 
identifying viruses. 
The principal obstacle offered to the future development of this work, 
along lines which may be of practical utility in human diagnosis, still 
remains that of non -specific complement -fixation caused by tissue proteins 
from which viruses are inseparable. As an academic problem the subject 
of non -specific complement- fixation is a complex one, and this has been 
intensively investigated by Mackie and Finkelstein (1928) who have made 
a special study of non -specific complement -fixation produced by the 
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interaction of normal serum and certain non -antigenic substances. Mackie 
and Finkelstein's work has also drawn attention to the possibility of 
increasing the amount of complement fixed by the addition of cholesterol 
to the antigen. Gilmore (1931) endeavoured to utilize this principle in 
order to enhance the amount of complement fixed in tests with anti - 
vaccinial sera, but the results were not satisfactory. Later, Mackie and 
Finkelstein (1930) investigated the phenomenon of complement- fixation 
produced by the interaction of normal serum with bacterial suspensions, 
and from their work they found that the normal sera of various mammals 
(e.g. man, ox, sheep, horse, pig, white rat, rabbit, and guinea-pig) possessed 
the property of fixing complement with a wide variety of different bacteria. 
These observations are of some interest because previously, Schultz, 
Bullock, and Lawrence (1928) suggested that positive complement - 
fixation, using antivaccinial serum and vaccinial antigen prepared from 
infected rabbit skin, was in reality a non -specific effect attributable to the 
existence of contaminant bacteria occurring in the antigen. Schultz's 
allegations were subsequently reinvestigated by other workers, but 
received no support (see Craigie and Tulloch, 1931). 
Iri conclusion, we should like to add that, although specific complement - 
fixing antibodies have been demonstrated in a great many virus diseases, 
these reactions are as a whole so delicate that the execution of such tests, 
their adequate control, and interpretation of results demand the utmost 
care and attention. 
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The following pages contain an account of the 
most successful methods whereby satisfactory tissue 
cultures of viruses may be obtained. 'dark of this 
type necessitates the help of a team of invostiLators 
with the use of elaborate equipment. by work has been 
performed in collaboration with ì)r A. J. Rhodes in an 
ordinary bacteriological laboratory. A few small 
contributions to the subject have been made in the 
form of simplifications of technique. The primary 
object of this research viras to watch the development 
of inclusion and elementary bodies under the micros- 
cope at different stages of growth, and subsequently 
to transfer these cultures to a micromanipulator and 
then to microdissect the inclusions which had formed. 
The technical difficulties encountered in such opera- 
tions are great, but the results are well worth the 
trouble expended, as microdissection of virus in- 
clusions supplies information concerning the morphology 
of inclusions which could never be provided by histo- 
logical sections. The majority of experiments on 
these lines were frustrated owing to misfortunes 
sustained during the handling of tissues, but on one 
occasion it was possible to obtain a tissue culture of 
ectromelia virus in tissue culture, and having 
watched the formation of the inclusion body, sub - 
sequently to dissect it under the microscope. The 
results/ 
results were never published as difficulty was en- 
countered in being able to repeat the results, and 
tissue cultures bearing inclusions suitable for mani- 
elation were difficult to grow. 
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OF recent years tissue culture has been used increasingly in the 
study of the filterable viruses and has proved especially suitable 
for the demonstration of inclusion bodies. Thus Bland and 
Canti (1935) demonstrated the characteristic life cycle of the 
psittacosis virus when growing within epithelial and fibroblastic 
cells of the chick embryo. Working with vaccinia virus Rivers, 
Haagen and Muckenfuss (1928 -29, 1929) showed that Guarnieri 
bodies appeared in tissue cultures of rabbit corneal epithelium. 
Goodpasture, Woodruff and Buddingh (1932) found that this virus 
produced inclusion bodies in chick embryo fibroblasts in vitro. 
Recently Rhodes and van Rooyen (1937) have demonstrated similar 
inclusion bodies in fibroblasts in vaccinial keratitis of the rabbit. 
In this paper, work is described which has been carried out in 
order to study the possible development of Guarnieri or other 
inclusion bodies in tissue cultures of rabbit cornea infected with 
vaccinia virus. 
Methods. 
Vaccinia virus. The strain of virus was the same as that used in our 
previous work (Rhodes and van Rooyen, 1937), and had been maintained 
by repeated testicular passage through rabbits. Virus was used in either 
of two ways : (1) desiccated testis was ground up in 9 volumes of Tyrode's 
solution, centrifuged slowly and the supernatant used as " desiccated " 
virus ; (2) a rabbit was injected, intratesticularly with the " desiccated " 
virus and four days later the testis was removed and ground up in Tyrode's 
solution to yield a 1 : 10 suspension. After centrifuging slowly the super- 
natant constituted " fresh " virus. 
Technique. Two different methods were adopted to grow rabbit corneal 
cells (Rhodes, 1937). (1) Slide technique. Small squares of rabbit cornea, 
previously immersed in virus for 30 minutes, were placed in the centres of 
coverslips and surrounded by a few drops of nutrient fluid (chick plasma, 
rabbit serum, rabbit spleen extract). The coverslips were then picked up 
with hollow - ground slides, inverted, and incubated at 37° C. Examined 
microscopically in the living unstained condition, new growths of epithelium 
could be seen spreading out as sheets around the implants after 24 hours. 
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Coverslips were removed at daily intervals of from one to five days and in 
order to search for inclusion bodies the cultures were stained by the following 
method (Rhodes, 1937). The coverslips were floated face downwards in a 
watchglassful - of hzematein solution for 10 minutes and then washed in 
methylated spirit and tap water. The cultures were partially dehydrated 
with methylated spirit and absolute alcohol before being counterstained 
with alcoholic eosin for 1 minute. Finally they were washed with absolute 
alcohol and left in xylol until completely dehydrated. Some hundreds of 
such cultures were set up, inoculated with either desiccated or fresh virus. 
(2) Tube technique (modified from Rivers, Haagen and Muckenfuss, 
1928 -29, 1929). A rabbit's eye was freed in the orbital cavity and ,the 
corneal surface cross hatched with a sterile cataract knife dipped in virus. 
The cornea was then dissected out, cut into 8 -12 pieces and immersed in a 
suspension of virus for 30 minutes. Thereafter an infected piece of cornea 
was placed horizontally on the surface of a layer of clotted nutrient fluid 
in a small glass tube and covered over with more fluid. After incubation 
at 37° C. for varying periods up to 5 days the whole clot was removed, fixed, 
dehydrated and embedded, and sections were cut parallel to the long axis 
of the tube. Sections were stained by Mann's method (Ford's modification, 
1934) and showed in the centre of the clot a radial section of cornea with 
superficial epithelium, substantia propria and Descemet's membrane. The 
advantages of this method are that a perfect histological preparation can be 
obtained and that the development of cells is as readily followed in the 
substantia propria as in the superficial epithelium. Approximately 100 
such cultures were prepared, using desiccated or fresh virus. 
Controls. Over 50 normal cultures, obtained by both methods, were 
also examined at daily intervals from 1 to 5 days. 
Results. 
Slide technique. Here the object was to study the possible 
development of Guarnieri or other inclusion bodies in cultures 
of epithelial cells. Of some hundreds of infected cultures examined 
microscopically at varying periods of growth, both in the living 
condition and after staining, none showed any departure from 
normal ; they grew as rapidly as the controls, with no evidence of 
degeneration or of inclusion bodies. 
Tube technique. Here the object was to study the possible 
development of inclusions in cultures containing all the corneal 
layers. Infected cultures of 24 hours' growth showed an increase 
in the numbers of fibroblasts in the substantia propria. The 
cytoplasm of many of these fibroblasts contained inclusion bodies 
in small numbers. They were spherical, brightly eosinophilic 
granules. By 48 hours the fibroblasts had further increased in 
number (fig. 1) and now in size also, presenting large oval nuclei, 
and a cytoplasm containing numerous inclusion bodies (fig. 2). The 
latter were remarkably uniform in size, the great majority measuring 
from 0.6 to 0.8 µ in diameter. A few small forms (0.3 p.) were also 
noted, as well as larger forms measuring 2 p. in diameter. 
Specimens were examined daily until the 5th day and continued 
to show bodies of similar shape, size and staining reaction within 
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FIa. 1.- Substantia propria of corneal tissue culture infected with vaccinia virus. 
Two days' growth. Note numerous fibroblasts with intracytoplasmic inclusion 
bodies. Mann's stain. x 550. 
FIG. 2.- Higher power view of fig. 1. Large -sized fibroblast with numerous 
inclusion bodies. Mann's stain. X 900. 
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large fibroblasts. At all stages clumps of small granules were 
found lying free in the spaces of the substantia propria. These 
resembled in all respects the bodies found intracellularly at the 
corresponding stage of infection. 
Proliferation of the superficial corneal epithelium occurred from 
the first day and resulted in a marked increase in thickness of this 
layer, but no Guarnieri nor other inclusion bodies were detected 
at any time. Rivers, Haagen and Muckenfuss (1928 -29, 1929), 
however, successfully demonstrated Guarnieri bodies in a similar 
series of experiments. 
In the control series fibroblasts in the substantia propria 
increased in number and in size from the first, but never to the 
extent noted in infected cultures. Proliferation of the superficial 
corneal epithelium was also noted. No inclusion bodies nor free 
granules were observed in the superficial epithelium or substantia 
propria of these controls. 
These results were confirmed in all essential points with a 
bacteria -free suspension of elementary bodies prepared from ordinary 
vaccine pulp by Dr D. McClean of the Lister Institute. This was 
a dermal strain which had not at any time been passed through 
the testis, whereas our strain had been repeatedly so passed. 
Conclusions. 
It has proved impossible to infect cultures consisting purely 
of corneal epithelium, grown by the slide technique, with vaccinia 
virus in such a way as to retard or otherwise affect the growth of 
the developing cells. Cultures grown by the tube technique and 
consisting of all corneal layers were, however, affected. In these 
cultures inclusion bodies developed in fibroblasts, which increased 
in number and attained a large size. The inclusions closely 
resembled those seen in vaccinial keratitis of the rabbit (Rhodes 
and van Rooyen, 1937). 
Tissue culture presents the advantage that the tissue under 
examination is free from invasion by blood cells ; thus the bodies 
above described cannot have represented the acidophilic granules 
of degenerate polymorphs, which may simulate the smaller forms 
of the inclusions described. As regards the precise nature of these 
bodies we suggest that they represent aggregates of the actual 
particles of vaccinia virus, possibly surrounded by a localised 
acidophilic change in the fibroblastic cytoplasm. 
Summary. 
1. Tissue cultures from the rabbit cornea consisting purely 
of epithelial cells showed no departure from normal when exposed 
to the action of vaccinia virus. 
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2. In cultures consisting of all corneal layers, fibroblasts growing 
in the -substantia propria developed characteristic inclusion bodies. 
These cells also increased markeclly in number and size. 
During the progress of this work A. J. R. has held a Crichton Research 
Scholarship and an expenses grant from the Moray fund ; C. E. v. R. has 
received an expenses grant from the Medical Research Council. Tho authors 
desire to express their thanks to Dr D. McClean for kindly supplying vaccinial 
elementary bodies. 
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CHAPTER IX 
TISSUE CULTURE IN THE STUDY OF VIRUSES 
CERTAIN tissue cells will readily grow in vitro if adequately supported, 
nourished, and incubated, and such tissue cultures may be used in the study 
of viruses in various ways. Thus, they have been used in the study of 
virus inclusion bodies and life cycles, as a specialized culture medium to 
secure proliferation, and in the study of certain aspects of virus immunity. 
Before these applications can be considered, however, the methods used 
to secure growth of normal cells must first be discussed. 
Five methods of tissue culture are in general use : (1) the clotted plasma 
method ; (2) Miyagawa's method ; (3) the liquid culture method ; (4) the 
tube culture method ; (5) Carrel's method. We shall now discuss some 
general points in tissue culture technique ; afterwards, these common 
methods will be individually described. For fuller details than can be 
given here, a modern text -book on tissue culture should be consulted (e.g. 
Cameron, 1935 ; Parker, 1938). 
Source of Cells for Tissue Culture 
Epithelium is most readily obtained from the rabbit's cornea as follows: 
The animal is killed, and the eyelids and surrounding fur cut away ; the 
eyeball is freed in its socket, and held rigidly in volsellum forceps. The 
cornea is then washed with numerous changes of sterile saline, and lightly 
cross- hatched with a sterile cataract knife. In this way numerous small 
squares of corneal epithelium are outlined, whidh can be detached by 
slicing with the flat of the knife. These small pieces are placed in a 
covered bath of Tyrode's solution, and incubated at 37° C. until required. 
Fibroblasts can be readily obtained by culturing small pieces of such 
parenchymatous organs as the lung, liver, kidney, or heart. We have 
obtained excellent growths of fibroblasts from mouse lungs. 
Testis. Minced rabbit testis is frequently employed; mouse testis may 
also be used. 
Chick embryo cells. Epithelium may be obtained from the lung, and 
fibroblasts from the leg muscles, of the chick embryo. The whole embryo 
is frequently used in media of the Maitland type. 
Mouse and rat embryos may be used. They are removed 2 to 3 days before 
term and finely minced. 
Materials required for Tissue Culture 
Slides measure 3 by 14, in. with a central hollow of 1 in. diameter, and 
should be wrapped in Kraft paper. 
Coverslips should be of thickness number 1 and contained in a small 
tin or glass jar: 
Pasteur pipettes have a very fine point and are contained in a tin. 
Watch - glasses are wrapped singly in Kraft paper. 
Instruments: a selection of seekers, forceps, and probes are contained in 
a tin box. 
All the above are sterilized in the hot -air oven. 
Glass tubes measure 3 in. long by 4- in. in diameter ; they are corked at 
either end by a rubber bung, and should be sterilized by autoclaving. 
Incubator: this should be set at 37° C., contain numerous rigid trays, 
and have a moist atmosphere. 
H 
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Tyrode's solution is prepared as follows : sodium chloride, 3 gm. ; potas- 
sium chloride, 0.2 gm. ; dextrose, 1 gm. ; acid sodium phosphate, 0.05 gm. ; 
sodium carbonate, 1 gm. ; magnesium chloride (5 per cent. anhydrous salt), 
4 c.c. calcium chloride (5 per cent. anhydrous salt), 4 c.c. ; distilled water, 
1,000 c.c. 
This strongly alkaline solution is adjusted to pH 7.4 by addition of 
a 5 per cent. solution of 85 per cent. phosphoric acid, approximately 
1 to 1.5 c.c. being required per 1,000 c.c. of solution. Acidity should be 
corrected by addition of 10 per cent. sodium carbonate solution. The 
solution is finally sterilized by filtration through a single disk of a Seitz 
(EK) filter at 30 mm. of mercury; it is then distributed aseptically into 
small bottles and tubes, and stored in the ice -chest until required. 
Sealing mixture consists of.vaseline, 7 parts, and paraffin (m.p. 54° C.), 
1 part ; it is sterilized by placing a small screw -topped bottleful in boiling 
water. . 
Nutrient ,fluids Plasma. Chicken plasma is recommended, and is 
obtained by bleeding - a young bird which has been starved for 24 hours. 
The wing is carefully plucked and sterilized, and the vessels in close rela- 
tion, to the humerus are located. Two ligatures about in. apart are 
then passed loosely round the vessels, which are cut in between, these 
points. As the blood flows out it is received into a series of test -tubes 
containing heparin to prevent clotting. After sufficient blood has been 
collected, the ligatures are tightened and bleeding arrested. The bird 
should receive a large dose of saline solution given subcutaneously to 
make up for the loss of fluid. Rabbit plasma may also be used, the 
heparinized blood being centrifuged, and the plasma separated. ' 
It has been'found that mammalian plasma can be, stored for a long time 
in the ice -chest, if treated in the following way (Baroni, 1930, and per- 
sonal communication): Whole blood is mixed with Tyrode's solution (10 
to 15 times concentrated), and then centrifuged. The plasma is separated 
and stored. When serum is required for use, 1 part of plasma is mixed 
with 3 or 4.25 parts of distilled water, when a clot forms. 
Rabbit serum. A rabbit is heart -punctured, and the blood allowed to 
clot, the serum being separated after `ringing' and centrifugation. 
Spleen extract. A freshly removed rabbit's spleen is ground -up with 
approximately 10 parts of Tyrode's solution. After low -speed centrifu- 
gation for hour the clear supernatant is removed from the deposit, and 
constitutes spleen extract, which may be stored in the ice -chest if so 
desired. We recommend this extract, although embryo extract can also 
be used. 
Embryo extract. The egg -shell of an 8- to 10 -day chick embryo is care- 
fully disinfected with spirit and iodine, and when dry is partially cut 
away with sterile scissors. The embryo is removed, then minced and 
ground -up with 3 c.c. of Tyrode's solution. After slow centrifugation for 
a few minutes, the supernatant fluid is withdrawn to constitute embryo 
extract. 
METHODS OF TISSUE CULTURE 
1. The Clotted Plasma Method 
(a) Preparation. 
For speed and accuracy the following routine is recommended, the 
layout of the culture table being as shown in Fig. 17 : 
1. Three working places are desirable, the workers sitting side by side 
on the far side of the table, facing the reader. 
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sterile hollow -ground slides, ringing round the hollow with sealing mixture 
(kept melted by a water -bath or electric hot -plate), and passing them on 
to the central worker. 
3. This worker mixes up the nutrient fluids in the following proportions : 
chick plasma, 2 parts, rabbit serum, 2 parts, and spleen extract, 1 part ; this 
is carried out by pipetting the correct number of drops of each material 
Fie. 18.1 Two days' growth of epithelium from rabbit cornea. 
Note darkly staining central area whence new cells have grown 
out. X 45. Stained Haematein and Eosin. 
into one of the sterile watch -glasses. The contents are mixed by sucking 
up once or twice in another sterile Pasteur pipette. 
4. Meanwhile, the worker on the reader's left, working with his hands 
inside the box, is placing 2 to 3 squares of cornea, or other tissue, onto 
sterile coverslips. These pieces of tissue are referred to as `explants'. 
5. The central worker, working through the side door of the box, covers 
each piece of tissue with a drop of nutrient fluid, and then picks up each 
slip with a vaselined slide. These are left upside down for a few minutes, 
until the plasma clots, when they are inverted and placed on trays in the 
incubator. 
(b) Progress. 
Cultures may be examined microscopically after 36 to 48 hours, when, 
if successful, a considerable growth should be apparent. Epithelium 
spreads out as a continuous sheet around the explant, and has a very 
regular growing edge (see Fig. 18). Each cell is roughly polyhedral in shape 
1 Figs. 18 -22 are reproduced by permission of the Edinburgh Medical Journal 
(see vol 44, p. 410). ` 
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and rather granular in appearance (see Fig. 19); by appropriate methods 
much of this granularity can be shown to be due to fat (see Fig. 20). F ibro- 
FIG. 19. Higher -power view of Fig. 18. Note 
typical epithelial cells with spherical nuclei. 
X 300. Stained Haematein and Eosin. 
FIG. 20. Growth of corneal epithelial 
cells. Note darkly staining globules of fat 
in cytoplasm of numerous cells. X 350. 
Stained Sudan III and Haematein. 
FIG. 21. Mouse lung culture. Note 
typical fibroblasts with oval nuclei and 
elongated processes. X 850. Stained 
Haematein and Eosin. 
blasts grow out more in the form of individual strands and filaments, thus 
giving the edge of the culture an irregular appearance (see Fig. 21). Cells 
growing horizontally appear long and spindle- shaped, while those growing 
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vertically appear polyhedral, being 'seen in cross -section. The culture close 
to the explant will probably show some leucocytes and mononuclears, but 
this is of no consequence as pure cultures are not essential in virus work. 
Cultures may be infected at the time of setting -up, or later. Bland 
and Robinow (1939) infected their cultures after about 3 days growth, 
when the culture medium had partly liquefied. In these experiments, 
the cultures were washed with saline to remove excess virus inoculum, 
and then nutrient fluid was added and the growths remounted. 
(c) Subcultivation. 
Growth should occur for 5 to 7 days, before the nutrient fluid is ex- 
hausted ; the results of most virus experiments should be evident by then, 
but occasionally it may be necessary to subculture. If so, the slip is 
removed from the slide, and placed, culture upwards, on a dark back- 
ground. The clot is then cut through the centre with a sterile razor blade, 
down to the glass. The old clot is picked off, and the two culture fragments 
are floated out in a warm bath of Tyrode's solution. Two fresh cultures 
can then be prepared by covering these pieces with nutrient fluid on a 
coveislip, as already described. 
(d) Histological examination. 
Cultures embedded in a solid plasma clot are difficult to stain, as fixation 
frequently results in the formation of an insoluble precipitate. The fol- 
lowing method, which dispenses with previous fixation, can be recom- 
mended: 
1. HAEMATEIN AND EOSIN METHOD (see Rhodes, 1937). 
Solutions required. 
Haematein: methylated spirit, 75 c.c. ; glacial acetic acid, 5 c.c. ; for - 
malin, 10 c.c. ; Mayer's acid haemalum, 5 c.c. 
Alcoholic eosin: saturated solutions of alcoholic eosin and methylated 
spirit, equal parts 
Procedure. 
1. Remove slip ; float, culture down, in a bath of haematein for 10 
minutes. 
2. Wash in methylated spirit and then in tap water. 
3. Dehydrate partially with methylated spirit and absolute alcohol. 
4. Counterstain in alcoholic eosin for 1 minute. 
5. Wash with absolute alcohol, and leave in xylol till dehydration is 
complete. Mount in balsam. 
This method stains nuclei blue and cytoplasm pink. A number of other 
methods may also be used; most of these involve preliminary fixation. 
2. PRELIMINARY. TREATMENT WITH WARM FLUID. 
It is said that if the slip be floated, culture downwards, in a bath of 
warm Ringer's or Tyrode's solution for approximately 30 minutes, the 
plasma becomes detached, and even if not, subsequent fixation and 
staining will be rendered easier. 
3. FIXATION METHODS. 
Fix the culture, after the above treatment, in iodine vapour, formalin 
or osmic acid. Another method is to fill-up the hollow of the slide with 
2 per cent. formalin in saline, and then float the slip, culture downwards, 
on the surface. 
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4. DEHYDRATION AND EMBEDDING. 
Thereafter, the culture may be sliced off the slip with a sharp razor 
blade, dehydrated, cleared, and .embedded in paraffin. Sections are cut 
parallel to the axis of the slip and may be stained by any suitable method. 
5. FISCHER'S METHODS (see 1925). 
Method (a). Procedure. 
1. Fix in 2 per cent. formalin in Ringer's solution for 1 hour. 
2. Wash in running water for 3 hours, and distilled water for 1 hour. 
3. Place in 10 per cent. aqueous haematoxylin for 10 to 12 hours ; wash 
for f hour. 
4. Treat with 50, 75, 95 per cent. alcohols for 5 minutes each. 
5. Place for 10 minutes in each of the following mixtures: 95 per cent. 
acetone and 5 per cent. xylol, 70 per cent. acetone and 30 per cent. 
xylol, and 30 per cent. acetone and 70 per cent. xylol. 
6. Clear in xylol, and mount in balsam. 
Method (b). Solution required. 
Saturated alcoholic solution of methylene blue, 30 c.c.; 1 /10,000 
potassium hydroxide, 100 c.c. ; ripen in incubator for 1 month. 
Procedure. 
1. Fix and wash as above. 
2. Apply distilled water for 5 minutes. 
3. Pour on methylene blue, heat till steam rises, leave for 15 minutes'; 
wash. 
4. Dehydrate and clear as above, except that for alcohols 1 minute 
is enough, and for acetone - xylol mixtures 2 minutes each. 
6. STRANGEWAYS'S METHOD (see 1924). 
Solutions required: 
Acetic çticohol: 0.5 per cent. glacial acetic acid in 70 per cent, alcohol. 
Iron alum: 2.5 gm. iron alum in 100 c.c. distilled water. 
Procedure. 
1. After treating in warm fluid, as above, place slip in a watch -glass of 
acetic alcohol for 5 minutes ; wash in running distilled water for 
5 minutes. 
2. Apply iron alum for 30 minutes ; wash as in 1. 
3. Float slip, culture down, on the surface of 2 per cent. watery haema- 
toxylin for 5 minutes at 37° C. ; wash for 2 to 3 minutes. 
4. Differentiate in iron alum, control microscopically ; wash as in 1. 
5. Mount in Farrant's mountant. 
7. STAIN FOR FAT (Strangeways, 1924). 
Procedure. 
1; Proceed as in above method, but after differentiation in alum and 
washing, place in saturated solution of either Scharlach R or Sudan 
III for 5 minutes ; wash in water. 
2. Mount in Farrant's mountant. 
8. BLAND AND ROBINOW'S (1939) METHOD. 
Procedure. 
1. Float cultures (on glass mounts) for a minute on warm saline, and 
then expose to a strong concentration of osmic acid for 5 to 6 
minutes. 
104 TISSUE CULTURE IN THE STUDY OF VIRUSES 
2. Harden in 70 per cent. alcohol for 5 minutes ; wash in distilled water. 
3. Stain overnight in Hollborn's Giemsa (20 drops to 15 c.c. buffered 
distilled water, pH 6.9). 
4. Differentiate in acetone -xylol mixtures; before this, weak acetic 
acid should be applied to correct over -red preparations. 
2. Miyagawa's Method (Miyagawa et al., 1936) 
This is a variation of the usual clotted plasma method, and has been 
used to study the development of the granulo- corpuscles of lympho- 
granuloma inguinale (L.G.I.). 
(a) Preparation. 
Guinea -pig plasma (heparinized) and mouse spleen extract are mixed in 
the hollow of a hollow- ground slide ; this forms a thin film, which soon 
clots. Fragments of normal mouse testicle or spleen are embedded in the 
clot, alongside fragments of a mouse brain infected with L.G.I. The whole 
is then covered with more spleen extract, sealed, and covered with a 
mica slip. 
(b) Progress. 
New cells can be observed to grow out of the normal fragment, which 
gradually becomes infected with virus from the neighbouring brain tissue. 
(c) Subcultivation. 
This is carried out by removing the liquid extract and infected brain 
tissue, washing the testicle or spleen fragment in Tyrode, and embedding 
it in another plasma clot. Some healthy testicle or spleen is now im- 
planted beside this infected fragment, and the whole covered and sealed 
as before. 
(d) Histological examination. 
The liquid extract is removed; the tissue fragments are then fixed in 
formalin, and stuck to an albumenized slide. Giemsa's stain shows 
typical granulo- corpuscles in the newly formed cells at the edge of the 
fragment. 
3. The Liquid Culture Method 
(a) Preparation. 
These cultures are set up in the same way as in the clotted plasma 
method, except that the nutrient fluid varies. Thus, the cells are grown 
in mixtures of serum and Tyrode's solution, or plasma and serum, without 
added extract. Generally speaking, the growth of cells obtained by this 
method is poor. The method must, however, be used for micromanipula- 
tion studies, as the needles cannot work through clotted plasma. 
(b) Progress. 
Progress is followed microscopically, great care being taken not to shake 
or jolt the culture. 
(c) Subcultivation. 
The exhausted nutrient fluid is simply sucked off, and replaced with a 
fresh supply. 
(d) Histological examination. 
To those methods already mentioned in previous sections may be added 
one other: 
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GIEMSA'S METHOD (Bland and Canti, 1935). 
Buffer solution required: potassium dihydrogen phosphate, 1 gm. ; 
disodium hydrogen phosphate, 2 gm. ; distilled water, 1,000 c.c. 
Stain: 2 drops of Giemsa in 1 c.c. of buffer solution. 
Procedure. 
1. Gently wash culture in saline, and fix in methyl alcohol for 5 minutes. 
2. Rinse in buffer solution, remove, and discard the centre of the explant. 
3. Stain for 24 hours at room tem- 
perature. 
4. Differentiate in acetone, clear in 
xylol, and mount in balsam. 
4. The Tube Culture Method 
This method has been used in 
studies on vaccinial inclusion bodies 
(Rivers et al., 1928-9, 1929 b ; Rhodes 
and van Rooyen, 1937). 
(a) Preparation. 
A rabbit's eye is freed in the orbital 
cavity ; the cornea is washed with 
saline, and dissected out entire. It 
is then cut up in a bath of Tyrode's 
solution into 8 to 12 squares of ap- 
proximately equal size. Nutrient 
fluid, as used in the clotted plasma 
method, is then pipetted into each of 
a number of glass tubes (see Fig. 17) 
to a depth of in.; these tubes are 
closed at either end by a rubber bung. 
When the clot has formed, a piece of 
cornea is placed horizontally on top, 
and covered with another layer of 
fluid. Soon the contents of the tube 
have formed into a solid clot, in the centre of which lies the piece of cornea. 
(b) Progress. 
This can only be estimated by examining histological preparations. 
(c) Subcultivation. 
This cannot be carried out, but the tissue should grow for at least 
7 days before the nutrient fluid is exhausted. 
(d) Histological examination. 
1. Remove both stoppers, gently tap the tube, and the entire clot 
should slip out. Fix in Helly's or other fixative for a short time. 
2. Thereafter, dehydration, clearing, and embedding are carried out as 
usual. Paraffin sections are cut parallel to the sides of the tube, thus 
giving, in the centre of the clot, a radial section of cornea. 
3. Sections may be stained by any desired method, e.g. Mann's stain. 
This method has an advantage over the slide methods, for a perfect 
histological preparation is obtainable. Such sections show that cellular 
proliferation has occurred in the depths of the cornea, as well as in the 
superficial epithelium. Thus, the fibroblasts in the substantia propria 
increase in numbers, and there is considerable thickening of the epithelial 
layers (see Fig. 22). 
Fia. 22. Corneal tissue culture by tube 
technique. Note thickening of super- 
ficial corneal epithelium owing to cel- 
lular proliferation. x 800. Stained 
Haematein and Eosin. 
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5. Carrel's (1923) Method 
(a) Preparation. 
Cultures are. contained in special Carrel flasks, of which various shapes 
have been designed. The commonest shape for bacteriological purposes is 
Type D (see Fig. 17). The diameter of these flasks may be either 5 or 8 cm. 
The other shapes are: Type A, resembling D in shape, but fitted with a 
top opening, 3 cm. in diameter; Type B, resembling D, but fitted with 
two side arms ; Type C has a longer neck than D, and top and bottom open- 
ings ; Type E resembles D, but has a bottom opening covered with mica. 
The flask is inoculated by introducing 0.5 c.c. of plasma, which is run 
uniformly over the bottom; 1.5 c.c. of Tyrode's solution (with 5 per cent. 
tissue extract added) is then mixed with the plasma. The fragments of 
tissue to be cultured are embedded in the plasma just before it clots, by 
using a long narrow metal spatula. When the clot forms, some fluid medium 
is run over the surface ; if the cells are epithelial or fibroblastic, use 25 per 
cent. tissue extract in Tyrode, and if leucocytic, use 2 parts Tyrode and 1 
part each of serum and tissue extract (Cameron, 1935). 
(b) Progress and (c) Subcultivation. 
The fluid requires to be changed every 2 to 5 days ; to do this, carefully 
flame the neck of the flask, suck out the old fluid, and add fresh. When 
the original clot becomes exhausted a section is cut out with a spatula, the 
tissue dissected out and re- embedded in a new flask. 
(d) Histological examination. 
Sections of clot may be removed with a spatula, fixed and taken through 
to paraffin, excellent results being obtained after, suitable staining. In 
other cases, fixative may be poured into the flask, and the fixed tissue 
removed by breaking the glass. 
Having discussed the various methods whereby normal cells may be 
grown in vitro, it remains to describe their applications to the study of 
viruses. 
THE STUDY OF VIRUS INCLUSION BODIES AND LIFE CYCLES 
Various viruses produce their characteristic inclusions when added to, 
or incorporated in, tissue cultures. Thus, with slide methods, lym- 
phogranuloma inguinale (see p. 186) and vaccinia (see p. 323), also psitta- 
cosis (see p. 588), have been shown to form inclusions. The virus of herpes 
has been studied by the tube culture method and inclusion bodies de- 
scribed (Rivers et al., 1928 -9, 1929 b). Rhodes and van Rooyen (1937), 
employing the same method in the study of vaccinia, found that inclusions 
developed. Carrel's method has been used by Andrewes to demonstrate 
inclusion bodies in virus III of rabbits (1929 a, b), and. herpes (1930). 
With regard to tissue culture in the study of life cycles, the following 
method was used by Bland and Canti (1935), working with psittacosis 
virus : 
1. The nutrient fluid was prepared as follows: 2 parts of chick plasmá 
were mixed with 3 parts of chick embryo extract (2.5 c.c. saline to each 
minced 10 days' embryo) ; when clotting occurred, fluid was expressed. 
This fluid was diluted with an equal volume of saline, and centrifuged at 
high speed for 1 hour, to remove refractile granules. Epithelial cells were 
cultured directly in this fluid, but fibroblasts were first grown by the 
clotted plasma method, and subcultured into this later. 
2. Explants of the muscle or lung tissue to be cultured were mounted 
by Maximow's flying coverslip technique, a no. 1 round slip (-¡ in: dia- 
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meter) being fixed to a larger square slip (11 in.). The cells were then 
covered with a small amount of nutrient fluid, and the slips inverted over 
a hollow -ground slide. 
3. Cultures were infected by adding virus to the nutrient fluid at the 
onset, or after a certain amount of growth had occurred. In the latter 
case, the medium was replaced by a drop of virus, and the culture in- 
cubated for 1 hour. Then the culture was re- opened, the virus washed off, 
and fresh nutrient fluid added. 
4. Such infected preparations were examined after a further period of 
growth, either by Giemsa's stain, or by dark -ground microscopy. For the 
latter examination cultures were mounted as contact specimens. The thick 
centre of the culture was discarded and the slips were then inverted over 
a thin slide to which thin strips of coverslip were luted with distilled water. 
In this study the various developmental phases in the life- history of the 
psittacosis virus were worked out. Somewhat similar studies have 
recently been carried out with vaccinia (Bland and Robinow, 1939). 
THE PROPAGATION OF VIRUSES 
Ever since viruses were first discovered, at the close of last century, 
attempts have been made to culture them. Although viruses resemble 
bacteria in many respects, they differ radically in that they cannot be 
cultivated on ordinary laboratory media, however much enriched. The 
whole trend of modern work shows that viruses will only grow in the 
presence of living cells, and it has been suggested that they exhibit the 
most _extreme degree of parasitism in nature. 
Prior to 1928, a number of investigators had obtained growths of 
vaccinia virus in tissue culture ; the usual method was to use hanging - 
preparations of embryo tissue or testis serum or plasma, 
with virus added. This technique was somewhat uncertain ; it did not 
permit of large -scale operations, nor of ease and accuracy of titration. A 
real advance was initiated when Maitland and Maitland (1928) grew 
vaccinia virus in a medium containing hen's kidney and serum. 
Maitland's original medium. 
The inoculum consisted of the testis of a rabbit inoculated 4 days before 
with commercial vaccine lymph, ground in sand, and M /50 phosphate 
(pH 7.6) added. After centrifuging, the supernatant fluid (approximately 
5 c.c.) was used for the primary inoculum. 
The kidneys of a hen were cut up with scissors and 0.66 c.c. placed 
in a flask, 1.33 c.c. of virus inoculum (diluted 1/6.6 with Tyrode's solution) 
being added. After standing in the cold room for 4 hours, 12 c.c. Tyrode 
and 6 c.c. hen serum were added, thus making a final dilution of virus 
inoculum of 1 /100. Thereafter, 2 c.c. amounts were distributed into Carrel 
flasks (Type D), and incubated aerobically at 37° C., without caps. Cultures 
were titrated for the content of virus by grinding with sand, centrifuging, 
and injecting 0.2 c.c. of dilutions of the supernatant intradermally in 
rabbits. During four successive subcultures virus increased approximately 
25 x 106 times. In these cultures it was not possible to detect any tissue 
growth; after 24 hours the smallest pieces of kidney had begun to dis- 
integrate, this process of autolysis being complete by the third day. 
Maitland's later media. 
Maitland and Laing (1930) substituted rabbit for hen tissues; they 
placed 0.33 c.c. of freshly minced kidney or testis into a wide tube. 
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Vaccinial material was then added and gently mixed ; 3 c.c. of serum, and 
enough Tyrode's solution to give a final bulk of 10 c.c., were then added 
(serum last). The mixture was finally distributed into Carrel flasks, in 2 c.c. 
amounts. These workers found that vaccinia would not multiply in liver 
or spleen cultures. 
Maitland, Laing, and Lyth (1932) found that vaccinia would grow 
readily in a medium consisting of minced chick embryo and Tyrode's 
solution, without serum. 
Other media of similar type. 
1. Findlay's (1928) method. In this medium fowl -pox virus was added 
to the skin and brain of a 12 -to 15 -day chick embryo ; after standing in the 
ice -chest for 2 days, equal amounts of embryo -virus suspension were 
distributed into flasks containing 5 c.c. chick plasma, and incubated at 
37° C. for 4 days. 
2. Smith's (1935) method. Minced 8- to 10 -day chick embryos were intro- 
duced into Carrel flasks in amounts from 0.05 c.c. to 0.1 c.c. The virus 
(influenza) inoculum was dropped over the tissue ; it was left for 10 
minutes, and then 2 c.c. of Tyrode's solution was added. The flask was 
rotated to distribute its contents, and incubated at 37° C. Subcultivation 
was carried out by transferring 0.05 c.c. of fluid from flask to flask. 
3. Tamura's methods (1934, 1935 ; D'Aunoy et al., 1935). A small 
quantity of virus- containing material was added to 10 c.c. of Tyrode's 
solution, in which was either a piece of guinea -pig kidney or liver, or rabbit 
kidney. 
4. Dochez, Mills, and Kneeland's (1936) method. Minced 10 -day chick 
embryo was pipetted into two culture tubes (2 cm. diameter) in equal 
amounts ; 10 c.c. of special peptone broth was then added (sodium chloride 
free, made with non -toxic casein peptone, and containing 0.1 per cent. 
gelatin). Sufficient cysteine hydrochloride was then added to give a 
concentration of 1/2,000 (cysteine was prepared in 1 per cent. solution, 
neutralized with caustic soda, autoclaved, and kept under a vaseline seal). 
The culture tubes were sealed with vaseline, and stored at 4° C. till re- 
quired. Cultures were initiated by introducing virus- containing material 
(common cold) through the vaseline seal. Subcultures were carried out by 
transferring 1 c.c. of fluid to a fresh culture tube; at intervals of from 
2 to 9 days. 
5. Li and Rivers's (1930) method (see also Rivers and Ward, 1933 c). This 
method was introduced to grow vaccinia virus on a large scale. The 
medium consisted of rabbit testis, rabbit serum, and Tyrode's solution 
for primary growths ; after subculturing, chick embryo and Tyrode's 
solution were substituted. The conical flask made to contain this medium 
was of an unusual shape, being fitted with a side ventilating arm and a 
gutter neck to catch condensation water. The flasks were made in two 
sizes to hold 17 c.c. and 6,c.c. respectively. 
6. Webster and Clow's (1936, 1937) method. To grow rabies virus in bulk, 
these authors use a mixture of Tyrode's solution (9 parts) and monkey or . 
horse serum (1 part) ; 4 c.c. is placed in a 50 c.c. Erlenmeyer flask, and 
mouse, rabbit, or chick brain added. Rat or mouse embryo, with chick 
plasma, may be successfully used also (Bernkopf and Kligler, 1937). 
Viruses grown in tissue culture. 
The following viruses of human diseases have all been grown in tissue 
cultures of the types just described, and definite propagation reported: 
9ommon cold (p. 525) ; herpes febrilis (p. 161); influenza (p. 554) ; Japanese 
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encephalitis (p. 868) ; lymphogranuloma inguinale (p. 187) ; poliomyelitis 
(p. 798): psittacosis (p. 588) ; rabies (p. 678) ; Rift Valley fever (p. 416) ; 
St. Louis encephalitis (p. 860) ; vaccinia (p. 328) ; yellow fever (p. 485) ; 
varicella (p. 256). 
Various animal viruses may also be grown in tissue culture: e.g. ectro- 
melia ; foot - and -mouth disease ; louping -ill ; pseudo- rabies ; and virus III 
of rabbits. 
Attempts to grow vaccinia in cell -free medium. 
The comparative ease with which vaccinia virus grew in Maitland's and 
similar media led Eagles and his associates to attempt its cultivation in 
cell -free media. Various series of these experiments were carried out : 
1. Eagles and McClean (1930, 1931) prepared a kidney extract as 
follows : a rabbit kidney was removed aseptically and very finely minced 
in 3 to 4 c.c. of Tyrode's solution. After high -speed centrifugation for 
20 minutes the supernatant fluid constituted kidney extract ; this was 
examined for cells, but none could be demonstrated. The medium, 
designated `cell- free', was prepared from this kidney extract, vaceinia 
virus, and Tyrode's solution, with or without the addition of rabbit's 
serum ; incubation was carried out in Carrel flasks. Vaccinia virus in- 
creased considerably in amount in these cultures ; e.g. in one case thirteen 
subcultures showed an approximate virus increase of 1043, although the 
approximate dilution of the original seeding of virus was 10 -26. 
2. Eagles and Kordi (1932) prepared another type of extract. A rabbit 
kidney was chopped and ground -up in 2 c.c. of 9 per cent. ( hypertonie) 
saline, the suspension being divided into two equal portions in centrifuge 
tubes. One tube was left at room temperature for at least 1 hour, while 
the other was frozen at -12° C. to -13° C. for 1 hour. The frozen tube 
was then thawed in water (80° C.). By this means it was hoped to carry 
further the cellular disintegration begun by hypertonie saline. Sterile 
distilled water was then added to each tube, to make the concentration of 
saline normal, and centrifugation at 4,000 r.p.m. carried out for 1 hour. 
The supernatant fluid was likewise centrifuged ; when stained films were 
examined no whole cells were seen, only a few possible fragments. 
Equal parts of fresh rabbit serum and- Tyrode's solution were added to 
the kidney extracts to make a dilution of 1/50 of virus seeding, two 
parallel experiments being set up. In the first, the kidney extract treated 
only with hypertonc saline was used ; in the second, the frozen and thawed 
extract was employed. The virus preparation was a fresh testicular strain 
of neurovaccine ; it was diluted 1/50 in the medium, which was then 
thoroughly mixed, and distributed in 2 c.c. amounts in Carrel and Rivers 
flasks. Incubation was carried out at 37° C. for 3 to 6 days. In one unfrozen 
culture, in the course of subcultivation, a total virus multiplication of 1020 
was obtained, although the dilution of the original virus seeding was 10 -19. 
Virus increase in the frozen medium was most irregular, and it was con- 
cluded that a substance released only from fresh cells was essential for 
the growth of vaccinia virus. 
3. Eagles (1935) has repeated some of his previous work. As kidney 
extract he used the unfrozen extract of Eagles and Kordi (1932). He 
concluded that there was poor survival of the virus in large numbers of 
individual flasks, and an inability to secure either growth or survival of 
the virus in a number of subcultures. Multiplication did, however, take 
place in two of the series of subcultures. 
This work has never been confirmed, and it is the opinion of numerous 
workers that vaccinia will only grow in a medium containing some living 
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cells (e,g. Craciun and Oppenheimer, 1926 ; Maitland, Laing, and Lyth, 
1932 ; Rivers and Ward, 1933 a, b ; Haagen, 1933). It should be noted that 
Rivers and Ward (1933 b), after treating rabbit testis and chick embryo 
as described by Eagles and Kordi (1932), found some cells not only alive 
but capable of growth. 
The mechanism of virus - growth in tissue culture. 
As regards the manner and site of virus - growth in tissue culture, there 
has been considerable discussion. Thus, Maitland and Maitland (1928) 
thought that there were no living cells in their original medium, growth 
occurring in the presence of dead or dying tissue. It was, however, soon 
found that living cells were in fact present (Rivers, Haagen, and Muckenfuss, 
1929 a ; Maitland, Laing, and Lyth, 1932). Prior to the introduction of 
Maitland's medium, it had been shown by Parker and Nye (1925) that 
growth of vaccinia took place in intimate connexion with the cellular, 
rather than the fluid, elements of their cultures. These workers prepared 
tissue cultures of vaccinia virus by the slide technique, rabbit testis 
being embedded in the centre of a large plasma clot. Tests showed the 
presence of virus in the testis with its corresponding absence from the 
plasma. Later, Muckenfuss and Rivers (1930) suggested that at least 
one function of the living cells of a tissue culture might be to elaborate a 
diffusible substance which supported the life of viruses, for they observed 
that vaccinia remained active in .a serum -Tyrode mixture separated 
by a collodion" membrane from a serum- Tyrode suspension of living 
kidney cells. Vaccinia virus incubated in a serum -Tyrode mixture with- 
out living cells lost its activity more quickly than the preparation in 
which living cells were present. 
Perhaps the factor postulated by Muckenfuss and Rivers serves to keep 
virus alive, while more intimate cellular contact, as suggested by the work 
of Parker and Nye, is needed for aotual proliferation. The work of Eagles 
and his associates, who claim to have grown vaccinia in cell -free media, 
if confirmed, would suggest that a substance similar to that of Muckenfuss 
and Rivers can be liberated from tissue, and can support actual prolifera- 
tion of virus even when the cells producing the factor have been destroyed. 
No such confirmation has yet been reported, however, and it appears that 
the growth of viruses in tissue culture is intimately dependent on the 
presence of living cells. 
OTHER APPLICATIONS OF TISSUE CULTURE 
In addition to their use in the study of virus morphology and for securing 
virus propagation, tissue cultures can be used for certain other purposes : 
1. Immunization. Tissue cultures may be used to furnish a growth of 
virus suitable for immunization of animals, and of man. Thus cultures 
of influenza, common cold, yellow fever, and vaccinia viruses have all 
been used for human immunization (see pp. 516, 525, 489, 374). Rivers 
and Ward (1935), for example, give the following instructions for prepara- 
tion of vaccinia virus suitable for use in human vaccination: 
(a) Routine cultures are ground up in a mortar and inoculations carried 
out for sterility. 
(b) Bacteria -free suspensions are mixed with equal parts of sterile 
glycerol, and stored at temperatures below 0° C. 
(c) For use, 0.1 c.c. of glycerolated culture virus, diluted 5 to 10 times 
with sterile saline, is injected intradermally in the skin of the 
upper arm or thigh, with a 27 -gauge needle. 
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Such cultures have several advantages over the more commonly used 
vaccines prepared from animal tissues. Thus, they can be guaranteed to 
be sterile ; there is a minimum of foreign animal tissue present ; and finally, 
in an emergency, a large supply can be rapidly obtained by inoculating a 
sufficient number of cultures from a stock continually passaged in the 
laboratory. 
2. Isolation of virus. It has been reported that influenza virus may be 
isolated directly from patients by inoculation of tissue cultures with 
nasopharyngeal secretion (see p. 554). 
3. For in vitro neutralization tests. It has recently been shown that the 
virus- neutralizing power of immune sera can be titrated by making use of 
tissue cultures (Magill and Francis, 1938). These workers carried out 
studies with the virus of influenza, which will now be described: into 50 c.c. 
Erlenmeyer flasks were pipetted 4 c.c. of Locke's solution and 5 drops 
of minced 13 -day chick embryos. Rabbit antiserum (0.5 c.c.) was then 
added. Finally, 0.5. c.c. of cultured virus was added. Incubation was . 
carried out at 37° C. for 48 hours. After this time, 0.5 c.c. of supernatant 
fluid was inoculated into a fresh flask containing saline (4.5 c.c.) and 
minced embryo (5 drops) only. Now, the final dilution of the original serum 
was at least 1 /100. Incubation was carried out as before, and presence 
of virus tested by intranasal inoculation of lightly anaesthetized mice. 
If virus was destroyed in the first series, then naturally no proliferation 
occurred in the second, the mice being unaffected. Actually they carried 
out rather more elaborate tests with five strains of virus and appro- 
priate sera, and were able to detect antigenic differences between the 
strains. 
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CHAPTER X 
THE FERTILE EGG IN THE STUDY OF VIRUS 
DISEASES 
THE fertile egg had been studied in connexion with various problems (see 
Goodpasture, 1938), before Rous and Murphy in 1911 made use of the 
developing chick embryo in their study of the Rous sarcoma. Twenty 
years elapsed, however, before the method was generally introduced into 
bacteriology by Woodruff and Goodpasture (1931), in their study of fowl - 
pox virus. In the past few years the technique has been widely adopted, 
and found to be applicable to the study of a variety of virus problems. In 
the descriptions to follow we always refer, unless expressly stated to the 
contrary, to hens' eggs; recently, however, Himmelweit (1938) has re- 
commended ducks' eggs. 
GENERAL DETAILS OF EGG TECHNIQUE 
Source and supply of eggs. 
An arrangement should be made with a reliable poultry farm to supply 
fertile eggs at regular intervals. As soon as received, these should be washed 
in soapy water, and placed in an egg incubator at 38° to 40° C. for 8 to 12 
days. . 
Inoculation of eggs. , 
1. Goodpasture's method. This method has been used by Goodpasture 
and his collaborators (see, e.g., Woodruff and Goodpasture, 1931 ; Good - 
pasture, Woodruff, and Buddingh, 1931, 1932 ; Goodpasture et al., 1935 ; 
and see Goodpasture, 1938). Twelve -day eggs are candled, and the site 
of the chorio -allantoic membrane outlined (vide infra, method 4). Paraffin 
is thinly painted on the shell overlying the membrane. The eggs, resting 
on plasticine, are then placed in water at 40° C. ; this reaches up to, but 
does not touch, the paraffin. A window of 1-1f sq. cm. is then cut in the 
paraffined surface, using a hard steel trocar (ground with a triangular 
end and sharp point). The shell is then .gently levered off and paraffin 
painted over the more or less undamaged shell membrane beneath ; this is 
then torn and folded over the cut shell, to expose the chorio -allantois. The 
inoculúm is then placed on the chorio- allantois, and a rim of vaseline- 
paraffin mixture built round the edge of the window, a coverslip being 
pressed firmly down on the top. 
Examination of the chorio -allantoic membrane can be carried out 
through the window with the plate- culture microscope, from day to day. 
2. Burnet's method. This modification of Goodpasture's method was 
originally introduced by Burnet (1933) ; it has been improved from time 
to time and the latest method embodies a number of new procedures 
(Burnet, 1936 b). The air -space is first pencilled -in; then an equilateral 
triangle, with 12 mm. sides, is marked over the area of densest opacity 
of the embryo. The sides of this triangle are cut through with a 
rotating disk driven by a dental engine. Two intersecting cuts are made 
over the air -sac, which is then pierced with a short, four- sided, sharp steel 
rod. The triangle of shell already cut is then removed and the shell mem- 
Those desiring fuller information are specially recommended to read the recent 
monograph of Stevenson and Butler (1939). 
I 
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brane slit in the direction of its fibres. Slight suction is applied with a teat 
to the hole in the air-sac. In this way the egg contents are displaced and 
an artificial air -space formed between the shell membrane and the chorio- 
allantois. Inoculation of 0.05 c.c. of material is then made with a sterile 
Pasteur pipette. The orifice is rimmed and sealed as in Goodpasture's 
method, while the air -sac hole is closed with paraffin. The egg must be 
most carefully handled in all subsequent manipulations. A somewhat similar 
method to this has been used by Bengtson and Dyer (1935). These workers 
cut only two sides of the triangle, bending back the flap to break the third 
side. Injections are made through the vaseline after the orifice is covered. 
3. Stevenson and Butler's (1939) method. The air chamber and 'a small 
circle 1 cm. in diameter on the side of the egg (within the opaque area) 
are pencilled -in. The egg is then placed on plasticine with the inocu- 
lation site laterally ; the shell over this area is swabbed with rectified 
spirit and flamed. If the air -sac is to be pierced, the shell over this area 
also should be sterilized. Using a sterile scalpel a hole is then drilled 
through the shell of the inoculation site: When the hole is made one should 
look for the pink chorio -allantoic vessels or slight bleeding ; if neither is 
noted, discard the egg. 
The actual inoculation is now carried out by one of the three following 
methods : (a) . The inoculum is introduced through the hole with a 
capillary pipette, very little, if any, pressure being applied to the teat. 
(b) First blow in a puff of air, then the inoculum (using separate pipettes). 
(c) After the lateral opening has been made, the air -sac is punctured; 
air is then blown into the lateral hole and finally the inoculum. All holes 
are sealed with paraffin. 
4. From personal experience we can recommend the following simple 
method of inoculating eggs : The egg is candled to see if germination has 
occurred ; this is indicated by a dense shadow at one part of the egg, with 
a clear semi -transparent zone immediately adjacent. The egg is then 
rotated before the light until this clear zone occupies the top half of the 
shell, a pencil mark being made at the uppermost part. The position of 
the air -sac at one end of the egg is also pencilled. The egg is now thoroughly 
washed and scrubbed in lukewarm soapy water (40° C.) containing some 
2 per cent. phenol. Immediately prior to inoculation, the surface of the 
egg is still further sterilized by setting alight a few drops of alcohol on the 
upper surface and painting with 4 per cent. tincture of iodine. The egg 
should rest on a plasticine ring during the actual inoculation. 
The method of choice for inoculation depends on the bulk of the fluid 
to be injected. If this does not exceed 0.05 c.c., the shell is carefully 
punctured with the point of a pair of sterile scissors and the material 
introduced with a syringe and needle to a vertical depth of not more than. 
3 mm., so that the needle point rests on, but does not penetrate, the chorio- 
allantoic membrane. Should, however, it be desired to inoculate a larger 
bulk it is advisable first to puncture the shell over the air -sac to make 
available more space inside the shell. Sometimes a little haemorrhage may 
accompany the puncture, but the mortality resulting from this is negligible. 
Apertures in the shell are sealed with ovals of tissue paper soaked in melted 
paraffin, and finally painted over with more paraffin. Thereafter, the 
inoculated egg is incubated at 37° to 39° C. in an incubator containing a 
trough of water to secure a moist atmosphere. 
Opening of eggs. 
After 3 to 4 days the eggs are ready for examination. In Goodpasture's 
and in Burnet's methods the vaseline and cover -slip are removed, and the 
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egg -shell broken away with sterile forceps until enough access has been 
obtained. In Stevenson and Butler's method the procedure is as follows: 
The egg is rubbed over with rectified spirit from the narrow end to the 
middle. The narrow end is then dipped into rectified spirit down to one 
third of the egg. The egg is then placed in a metal holder and flamed. The 
sterile (narrow) end projects beyond the holder, and is cracked with a 
heavy instrument. The shell is picked off the shell membrane with forceps. 
The exposed portion of the shell membrane is then peeled off with another 
pair . of forceps, and the chorio - allantois exposed ; with a third pair of 
forceps this structure is torn aèross. The egg is tilted and the contents 
delivered ; the chorio - allantois remains in the shell and is removed into 
a sterile petri dish. In the method that we use, the paraffin seal is scraped 
off ; the surface is covered with iodine ; the egg is then opened by removing 
a large oval with sterile scissors. The membrane is closely inspected for 
macroscopic lesions, and if desired is dissected out. The embryo can then 
be pulled out of the shell. Aerobic and anaerobic cultures should be made 
from every egg opened, if the contents are to be studied further. 
Examination of the infected chorio - allantois. 
The membrane is removed from the shell and pinned out on a board, 
against a dark background. After fixing in formalin or Zenker's solution, 
the pocks or other lesions may be counted and examined with a lens or 
plate - culture microscope. If it is desired to examine paraffin sections of 
the infected membrane, dehydration and embedding can thereafter be 
carried out, the membrane being rolled -up into a compact mass. 
Another histological method is that of Goodpasture, Woodruff, and 
Buddingh (1931, 1932): 
1. Fix in Zenker's solution for 24 hours. 
2. Stain the membrane in 2 per cent. aqueous acid fuchsin for 10 to 30 
minutes ; wash. 
3. Counterstain with Löffler's methylene blue for 30 seconds. 
4. Differentiate in absolute alcohol, clear, and mount in cedar oil. 
The pathological effects produced on the egg by growing viruses. 
Before describing the various effects that may result from the action 
of viruses on the chorio -allantois, certain control observations must be . 
mentioned. Injections of non - irritating fluids should not cause any more 
than a slight opacity of the chorio -allantoic membrane, but Burnet (1936 b) 
has described the occasional presence of a traumatic lesion, which is more 
apt to be found in younger than older eggs. It appears as an irregularly 
thickened opaque area up to 1 cm. in length with, microscopically, re- 
placement of ectoderm by granulation tissue, and epithelial down -growth 
marginally. 
The histological structure of the normal chorio - allantois should be 
familiar to those searching for - inclusions in infected membranes (see, e.g., 
Burnet, 1936 b). Goldsworthy and Moppett (1935) found eosinophilic in- 
tracytoplasmic and intranuclear bodies in the chorio -allantois unaffected 
by any virus. D'Aunoy and Evans (1937) have also drawn attention to 
the fact that many changes reported in the literature as being specific for 
viruses can, in fact, be seen in normal eggs. Thus they found the follow- 
ing changes to be perfectly normal: mesodermal oedema and cellular pro- 
liferation ; endodermal proliferation with vacuolation of cells, which often 
contained large eosinophilic bodies, probably red cells or degenerated 
debris ; eosinophilic intranuclear bodies were also found. 
The lesions produced in the egg by genuine viruses, however, are very 
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characteristic, and should not be confused with the appearances just 
mentioned. Virus dropped on to the chorio -allantois must, unless it be 
rapidly destroyed, first penetrate the ectodermal layer ; here the infection 
spreads outwards with resultant proliferation of infected cells ; thereafter, 
the lesions may assume three main types (Burnet, 1936 b). 
1. Proliferation of ectodermal cells outstrips the spreading infection, so 
that a thickened and cornified ectodermal zone surrounds an infected and 
necrotic centre. Burnet states that this type of change occurs with the 
FIG. 23. Shows the appearance of the chorio -allantoic membrane 5 clays after 
inoculation with vaccinia virus; observe the plaques: (By courtesy. of Lt. -Col. 
W. D. H. Stevenson, C.I.E.) 
viruses of ectromelia (incubated at 38° to 39° C.); herpes, influenza, louping- 
ill, and psittacosis. To the naked eye this change is evident as white areas 
of dense opacity. 
2. In this type the lesion is more destructive*; much necrosis occurs, with 
the production of a crater -shaped pock, sometimes with central haemor- 
rhage. This type of change occurs with ectromelia. (incubated at 36° to 
37° C.), infectious laryngo -tracheitis, and vaccinia (see Fig. 23). 
3. The ectoderm does not undergo early necrosis, but proliferation 
spreads out peripherally, and is followed by infection. A flat conical 
lesion of semi -transparent appearance, and without central necrosis, 
results ; fowl -pox produces lesions of this type. These lesions are usually 
described 'as `pocks'. 
In the milder infections the embryo may not be killed, but in the severer 
types it is rapidly destroyed. 
APPLICATIONS OF THE EGG TECHNIQUE 
1. The study of virus morphology. 
Numerous workers have found the chorio -allantois a suitable site in 
which to study the development of inclusion bodies. However, in view of 
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the above -mentioned findings of inclusion -like bodies in normal mem- 
branes, it would appear as if some, at least, of the bodies described were 
non -specific in character. Inclusion bodies characteristic of the following 
human diseases have been found in stained preparations of the chorio- 
allantois : herpes (p. 160) ; lymphogranuloma inguinale (p. 186) ; psitta- 
cosis (p. 590) ; vaccinia (p. 322). A number of animal viruses also develop 
inclusions in this site : ectromelia ; equine encephalomyelitis ; fowl -pox ; 
Kikuth's canary virus; infectious.laryngo- tracheitis of fowls; Newcastle 
disease of fowls ; Pacheco's parrot disease. 
Himmelweit (1938) has used an ingenious method for studying the 
formation of virus inclusions in situ, working with the duck's egg infected 
with ectromelia and vaccinia. Briefly, the egg -shell was partly cut away 
and .replaced by a'coverslip; so that the membrane was visible. Micro- 
scopic examination was then carried out with a Heine Ultropak (Leitz), 
which makes use of the principle of annular oblique incidence illumination. 
2. Cultivation of viruses. ' 
A large number of viruses can be propagated by serial passage through 
eggs. Generally speaking, subculturing is carried out by grinding -up an 
infected membrane, and after centrifugation, injecting the supernatant 
fluid into a fresh egg. Animal or other titrations are usually carried out to 
prove that there is an actual increase in the virus content of the membrane. 
The following human viruses have been propagated by serial passage 
through eggs : common cold (p. 526) ; influenza (p. 554) ; herpes (p. 161) ; 
Japanese encephalitis (p. 868) ; lymphocytic choriomeningitis (p. 898) ; 
lymphogranuloma inguinale (p. 187) ; measles (p. 221) ; psittacosis (p. 590) ; 
Rift Valley fever (p. 416) ; St. Louis encephalitis (p. 860) ; sand -fly fever 
(p. 511) ; varicella (p. 256) ; yellow fever (p. 487). 
Numerous animal viruses have also been grown in the egg': ectromelia ; 
equine encephalomyelitis ; fowl -plague ; ' fowl -pox ; infectious laryngo- 
tracheitis of fowls ; Kikuth's canary virus ; louping -ill ; Newcastle disease 
of fowls; Pacheco's parrot disease ; vesicular stomatitis of horses. 
3. Titration of viruses. 
Virus titrations can, of course, be carried out on laboratory animals 
such as the rabbit. If so, one may use death of the animal as the deter- 
mining factor in estimating the end -point, or else intradermal reactions 
may be studied. If the egg is substituted for the rabbit, likewise death 
of the embryo may be used as the end -point, or the number of pocks on 
the chorio- allantois may be counted, according to the virulence of the 
particular strain of virus used. 
Much of this work has been carried out by Burnet and his collaborators, 
whose papers should be consulted for fuller details than can be given here. 
Thus Burnet and Ferry (1934), in their studies on fowl -plague and Newcastle 
disease, inoculated eggs with varying dilutions of virus, and found that 
infective doses produced death of the embryo within 48 hours. The 
method whereby the potency of the virus is estimated by counting the 
number of pocks produced on the chorio- allantois has been carried out for 
a number of viruses : vaccinia, by Keogh (1936) ; ectromelia, by Burnet 
and Lush (1936 a) ; Kikuth's canary virus and fowl -pox, by Burnet and 
Lush (1936 b) ; and infectious laryngo- tracheitis by Burnet (1936 a). As 
an illustrative example of the methods used in this class of work, the 
study of Keogh (1936) on vaccinia may be cited. Eggs incubated for 
12 days were inoculated with virus, and pock- counts made after 48 hours. 
An initial series of experiments was carried out to determine the approxi- 
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mate strength of virus giving discrete pocks. Thereafter, falling dilutions 
of 3 were prepared, starting at 1/300 and continuing down to 1/24,300, 
the bulk of inoculum being 0.05 c.c. The 1/300 dilution was found to give 
too many pocks-to count accurately, and the pocks in the 1/900 dilution 
were also somewhat confluent ; the 1/24,300 dilution gave an average of 
7.5 pocks, the 1/2,700 and 1/8,100 dilutions giving figures of 61 and 21 
pocks. It was found by a parallel series of intradermal titratiòns in rabbits 
that the titres obtained by this method corresponded closely with those by 
the pock- counting method. 
4. Isolation of viruses. 
It has been claimed that influenza virus may be isolated by direct 
inoculation of eggs with nasopharyngeal secretion (see p. 555). 
It has recently been shown that the chorio -allantois may be used to 
test the distribution of virus in experimental animals after various routes 
of inoculation. Thus, working with louping -ill virus, Burnet and Lush 
(1938) were able to detect the presence of virus in the olfactory bulbs after 
intraperitoneal injection. They recommended that a standard suspension 
of the tissue to be tested should be prepared, and a set volume injected 
into the egg. Titration was carried out by counting the pocks produced 
on the chorio - allantois of 12 -day embryos after 44 hours' incubation. 
5. Titration of antiviral sera. 
Eggs may be used in lieu of experimental animals to test the virus - 
inactivating properties of immune sera. Thus Burnet and Galloway (1934), 
working with vesicular stomatitis, mixed equal parts of immune serum 
with falling dilutions of a collodion membrane filtrate of virus. After 
incubation at 15° to 20° C. for 30 minutes eggs were injected. The usual 
lethal action of this virus on the embryo was prevented in adequately 
neutralized specimens. The test proved more sensitive to the presence of 
unneutralized virus than did a parallel series of injections in the guinea- 
pig's pad. 
When dealing with viruses which produce local pocks on the chorio- 
allantois, the antiviral properties of . immune sera can be tested by their 
power of diminishing, or actually preventing, these lesions.. Thus, Keogh 
(1936) found that antivaccinial sera could be .titrated by the percentage 
reduction effected in the numbers of typical vaccinial pocks, a reduction 
of 90 per cent. being usually obtained. Burnet (1936 b) records a routine 
method for testing fowl sera for their content of laryngo- tracheitis anti- 
bodies: the sera to be tested are mixed with an equal volume of virus 
(usually diluted 1 /10,000), and 1 hour later eggs are injected. Potent 
sera may completely inhibit the development of the usual lesions. 
6. For the preparation of vaccine for human use. 
Egg- cultured virus has been quite widely used for human vaccination 
(see p. 373), and here we describe the technical details of the preparation 
of such material, Goodpasture et al. (1935), for example, giving the follow- 
ing instructions : 
(a) The egg membrane may originally be inoculated with either ordinary 
lymph, testicular virus, dermal lapine, or directly from the human 
vaccinial pustule. 
(b) For the first 3 to 4 passages an incubation period of at least 72 hours 
is required, although after this period it may be reduced to 48 hours. 
(c) At least six eggs should be inoculated at each subculture. 
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(d) When the membrane is removed from the egg, a small piece from 
the centre of the lesion should be excised and smears stained for 
elementary bodies. 
(e) Approximately one - quarter of the lesion is inoculated into dextrose 
infusion broth and culture carried out. The remainder is placed 
in the refrigerator to freeze. 
(f) For initiating the next subculture, lesions should be used which 
show the largest number of Paschen bodies. 
(g) To maintain the potency of `seed' virus, do not use inocula which 
have been stored for a considerable period. 
(h) When titrated, culture virus diluted 1 /1,000 should produce a con - 
fluent eruption on 90 to 100 per cent. of the inoculated area in every 
test. 
(i) To prepare vaccine for human inoculation, four parts by volume of 
50 per cent. sterile glycerol in saline are added to one part of pulp ; 
pulp is prepared by grinding frozen membrane till finely divided. 
Stevenson and Butler (1939) have carried out extensive experiments on 
the preparation of egg virus in a form that could be used for human inocula- 
tion. They give the following instructions for the preparation of vaccine 
from chorio -allantoic membranes (a dermal strain of virus was grown): 
(a) Chorio- allantoic membranes are not used if the embryo is dead, or if 
the yolk is ruptured in the course of removal ; this is to obviate the 
danger of contamination. The chorio-allantois is usually removed 
from the egg after 4 days' growth. 
(b) Operating inside a special box, vaccinial plaques are removed from 
the membranes with sterile scissors. 
(c) Five to ten plaques may be collected in one dish, weighed, and 
frozen in the cold -room overnight. 
(d) The dish is brought to the laboratory surrounded by freezing 
mixture. The plaques are ground in a mortar, or a special apparatus, 
to a pulpy consistence. 
(e) Material for passage is removed at this stage and stored in screw - 
topped bottles at -7° C. to -10° C. 
(f) To prepare vaccine, add 4 c.c. of 50 per cent. neutralized glycerol 
in distilled water to each 1 gm. of pulp. Store in sterile ampoules, 
screw - topped bottles, or capillary tubes. 
(g) Cultures for sterility should be carried out in broth, agar, and 
cooked -meat medium. 
(h) Vaccine may safely be stored for 6 to 7 months. 
7. Other applications of the egg in the study of virus immunity. 
(a) The theory of the antigen -antibody reaction. Burnet, Keogh, and Lush 
(1937) have shown that the egg membrane can be used to furnish 
evidence on the theoretical problem of the antigen- antibody re- 
action. They have used pock - counting and virus -neutralization 
tests with influenza, louping -ill, vaccinia and other viruses, 
and by the study of such methods they have obtained much useful 
information regarding the phenomena of the interaction of antigen 
and antibody. 
(b) As a source of antigen. Infected egg membrane has been used as a 
source of antigen for the complement- fixation reaction in influenza 
(see p. 89). 
In conclusion, it is thus evident that the egg is becoming a very impor- 
tant adjunct to modern virus technique. 
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HERPES LABIAL'S AFTER SUIi'ISAPYR-ll INE 
Aì:J.) T . A.B . THERAPY. 
:iI: ' 'r;1rr,_ .__. __ '7(2: . 
By 
C. L. van Rooyen, Major, R.A.H. C. 
Pathologist at a Military HnSpital. 
Althnugh herpes labialis is clinically a hamlets infection, 
the causal agent of the disease has been the subject of much 
research. The condition is not infrequently encountered among 
soldiers, and a Swiss regimental physician (Mayer, 1941) has des - 
cribed a spontaneous outbreak of 3n cases that affected a company 
of 7e troops who slept in one barrack room. Five of six officers 
attached to this same unit were likewise involved. This winter, 
among hns:1ital patients we observed 33 cases and investigated these 
from the laboratory point of view. Twn classes of persons suffer- 
_ 
ing from herpetic eruAions were studied, namely, normal healthy 
nursing nrderlies who developed it apontanerusly, and a larger 
group comprising >aticnts treated for gonorrhoea. 
Before cnnmencing nur description of the clinical 
pathological findings and animal inoculation results, we should 
like to present a summary of modern conceptions regarding the aetio: 
ogy/ 
ocy and liathof3enes1s of h The disease was first proved to 
be infective by Vida/ (1t7ì and thereafter the classical re- 
searches elf Levaditi, inerr and others ohned that the causal agent 
was u filterable virus, Vidi was hichly dathonic to the rabbit 
and droduced violent keratitis if impluntiA upon the scarified 
cornea of that ani::)al, and thiu condition wau sometimes follol4ed by 
meningitis and death. Individual utraine of virus differed in 
their neurotropic affinitiou for the rabbit, and conuoquontly 
attention turned to herpes simlw: virus as being a ;inusible cause 
of encephalitis lothargica, and i,evaditi and harvior 
olaimed tm haVe isolated tho virus fro7 such (moos. Unfortunately, 
independent confirmation of levaditi's researches vitas lacking and 
the work foil int- ifavour, but it may still rirove one day that 
levaditi's investigations were ."Ito in advance elf his time. The 
clinical nomenclature e71,;)1oyed for the designation of the various 
manifestations of heretic infection in man is unsatisfactory. 
Thus, tho usage of tormo ouch aa horpes simplex, fobrilis, 
labialis, recurrent herpes, idio,athic and syrTltoratic herpes, 
indicates that the classification is inconsistent, and not based 
on anatomical, clinical, or aetiological grounds. For the cm- 
vonionce !-41 mailers ovorsoas, the following account contains a 
summary of the facto concerning the clinical typos of herpes and 
the aetiology of the condition. At the outset it should be under- 
stood that all forms of horpos affecting ran, 
zallkz aro duo to no and the sa-:lo Vi.P11, which is pathogenic to 
the rabbit, whereas the viruu nf horpos rost,()r is a separate 
entity/ 
3. 
entity which iz Innwpathngonic tn tho rabbit and -)rnbably related 
ti the virus nf varioella, li nth herpes and znster viruses aro 
particulate and visible nrganiErls which ncour in the fnrm 
minute virus elementary bodies, and afnrd et al. (19Z3) have 
succeeded in measuring her -;es simp1e4 virus and ostilated it to be 
lr'n-15n- in diameter. lierpos virus alsn »rnducos sdeeific 
histningical changes, and acidnphillo intra-nuclear inolusinn 
bndies have boon deecribed in rabbit omrneal epithelium (Luchs, 
3.O'-3), and in the ltrge elAthelial cello present in human veoicle 
fluid (ìa Fann, 1923). 
herpetic infectinn msy appear in a variety nf fnrms 
L4aU43LJULAILa is the name applied tn herpes arieing during 
the ()nurse r.f a .yra.luin2 disease, such as pnow.-nia, [Ialaria, in* . 
fluonza, and nthor febrile desnrders. The usual situatinn is on 
the lip when the term "hordes labialis is pnplay uiLeci, but 
when ther areas nf the face aro invnlvea it is oalled boros 
facialis. Aphthnuo etnnatitio is anther disease which has boon 
prnvod tn be duo t- the herpes virus (.indt,A, Jnhnstnn, and iAlddingh, 
1.C; 600 slbe Gnttrnn, 1933 ; Burnet and Lush, 19Z9). Heretic 
vesicles aro soldnm bigger than a largo pin-head and develnp nn a 
reddened base, boing usually filled with clear fluid, althnugh 
suppuratinn aJ mccur. Tho onmninnest site fnr vesicles is nn the 
lips, inside and arnund the -uth, the ohook2;, and tho auricles. 
perneo.pwmAp¡r lc the designatinn Dkvliod tn herpe tic 
eruptions/. 
4. 
oruptiono unaasociatod with pyroxia, which oay ariso spontaneously, 
or socondarily to a varioty of cauaes, such as after the injection 
of vaccinos, milk and colloidal ootals (soo Fiechor, 1927); or the 
ingestion of certain foodottiffs foll000d by gaotric disorder. 
Apr000:oonitalip. Herpotic eruptions aro not uncommon on 
the genitals, being found on tho olano or body of the penio, and 
in the female on the labia. It io frequently associated with 
syphilis (Cranston Low, 1939. ) 
Lázzlags....nej)r.als. horpotic infection of the cornea oay 
asswoo a variety of f000s, of which the dondritic ulcer ie the 
bast known (see Dukeoador, 1938). The inflaranatory reaction may 
be severe and result in serioue scarring of the cornea. 
Lawammlkaaago Certain persono are very ouocoptiblo to 
horpos, anti why this should be la not cloar. lt is posoiblo that 
they carry the viruo in their oaliva or olsowhero in the body, and 
Burnet ond Lush (1939) have suggestoo that in such inotancos the 
infection io contracted in infancy, ao an aphtbous otomatitio, and 
porsists throughout life. Some particular recurring susooptibiliV 
of the tissues oay allow the virus to exert its pathogenic action 
from time to time, and certainly recurring genital herpes is most 
apt to occur in oases of irritation duo to chronio gloot and 
protatitis (wit-Scott, 1931). In women recurrent herpes is 
often aseociatod with the nonotrual poriods (ium, 19n6). 
Apart from the (attention of variations in the hoot as the 
prodisposing factor in recurrent herpes, it io posoibie that the 
strain of virtu; itself oay be ono oossossoa of unuoual tenacity. 
Thus/ 
5. 
Thus, Nic-lau und Lanciu (1924) in-culated a nirlbor of perns 
with strains nf virus fr-m oases nf reourrent infectinn, and fnund 
that tw- -f these ,ers-ne themselves devolmped recurrent herpes. 
Althnugh horpee is usually re- 
garded as a rnild 1-cal lesinn, m-re serinue manifestatinns may 
=ice fr-m time t- time. F-r exar14o i'rench auth-re (e.g. 
Lcvaditi, 2.26) deecribe 'with 
symptoms nf severe etins, crises nf hyporadothesia in the perineum, 
tanosmus, sphincter etasrJ, and sciatica, all recoding the appear- 
ance -f the erutinn. In lese severe cases, hero s may be 
accnmpanied by )1curitus, kiacache, and neuralgia. ...inubtless these 
are due tn the fact that the viria -Inv-Ives the c-,rrespnnding 
ganglia, prnducint,:, an inflammatnry reacti-n (see linard, 1s"Y5). 
jimpjaan91441m00 lo a distinct clinical entity, witL sudden 
-neat, rapid 0-ursc, favurable ,,utImnk, and a lymphmcyt-sis in 
the corobr-opinal fluid (see Abitebnul, 1936,. 
tie _..f,ru,t1j. 
T-.day all horpotio erupti-ns (alz:Jays exceting, nf e-urso, 
th-so -f r-ster) aro reearded as due tr- nlla and the same virus, 
based rfl the f-ilnwing evidence: 
Vesicle fluid fr -m all varieties herpetio eru2timn can 
be in-oulated int- the huai skin with cnneequent pr-ductinn nf, a 
tyloal crop rí teica.i4ei0 vesicles (Vidal, 167Z; Lisohdtz, 1921; 




Vesiclo fluid frnn herpee febrilis pr-ducoa a severe 
keratitio when applied tn the rabbit's eye .LI4wenstein, 191::., 192; 
Grdtert 192r). 
Herpes c-moalie yields a vJ.rus uith the same characteristic 
effect G:;-err, 192': Dnorr and Vgchting, 192-; Luger and Lauda, 
1921). 
Herpes labialis yields the same Virus, and will prnducte 
typical herpes onmealia when suitably a1od to the human c-rnoa 
0-err, 192r'; iinerr and V;.;chting, 192-; :Fuchs, 1921, and see 
1933). 
Vesicle fluid fr m7; herpes genitalia a1í.- pr-duoes keratitis 
in the rabbit, and man oan be roinfected ulth material takon there- 
frnm U',,ntanat 191; ',Slang and Iamikinl?etrns, 1921,. 
nocurrinc in ouch diseases as cerebrp.olnal 
noningitia, oleurqmnia, diAltheria, influenza, catarrhal jaundice, 
orythomata, and soo-ndary syphilis yields a virus with the sano 
charaoterl(Itics as that obtained from cases rq' :rimary horca 
(Teisaior et al" 1922 a,. 
Stnilar intranuclear inclueimn bndios hava been rep-rted 
In burlan horpe feri1i, (Immoralist and gonitalis, and in oxper- 
iriental lecimns in animals (LijJohtitz, 1921 a,i)pc..; uche, see 
193). 
Za...411 of, V is_u_a.,:AL 1.49 c to a., art 
lagaZILL9ZU=. 
The virti is adundantly a)rosont in the 
vesicular,/ 
7. 
vosieular stage, Sut didaI.,,!lar after the crust forms (Teissier, 
°satins', rni e111, 1926 a). 
Bl000. rile virus may be found in tho blood of ,orsons 
sufferinr7 from herpatie eruptions, althou6h this iu rare 
Wisenstein, 1919; Bat ai and Busacca, 1924 b, Tait:411er. Gastinel 
and Aeilly, 1926 a, b). 
laener ano Arioas (1025 a) examined 
the oerebroo¡Anal iluid of 1,i() per:::6r43, ineluuing some suiftiring 
from eiAdemie encephalitis, but in only one ease wora they able to 
isolate the herpes virus, and this from a cyAilitic iLttwilt with 
no herpr:.1tie erufAion. Mid is an important observation and Indi- 
cates that the virus may, altheugh rarely, be found in the derebro... 
spinal fidiU or »atits 1;:ho, at the moment, do not surfer i'rom 
herpes. rul;.reciu ha b alzo isolated two strains oi herlies 
virus from the derobropplas11 fluid of heltky parsons. 
Uth regard to the derebrosinal fluid of heretic -2atients, 
the comeneus of oinion is that the virus r-ay be found on °dew:ions 
4 
aut and kaboau, 191; Bastai and Busacca, 1924 a; '.urukrogiu, 
1937). It sf:oold be ad6oLi, hov;evor, that a nu-'ber of competent 
investicator hava boon unable to detect its retende (e.g. .)oerr 
and Teansky, 194; ievaditi, 1925; Toissier, Gastinel aflu 
19!?6 a, b). 
aliva. Yerpes virus has been round in the healthy saliva 
by a nwiWr of worers (e.g. Levasiti, Earvier, an 1U:.1; 
Doerr and i;;Olinabel, 1U21; Telosier, Gastinel, an ..eilly, 19L6 6;. 
The/ 
The virus is nttachnn to the rnAlivary enithelial nella an is 
probably associated nith the taccal -lime, because susnensions of 
salivary 2.and tiosue are avirulent (levaditi, Harvicr, and 
Nicolau, 191-1). The presence of tho, virus has usually been detect-. 
ed by its poncr of nroducing keratitio in nabbito. levaditi and 
his collaborators have stated that nn, per cont. of nornal spocfnns 
of saliva produce exnerimental kenatitie, but only in 15 pr cent 
is thic keratitie severe enough to be koliozod by cerebral invelve- 
. 
ment (vkdo infrp). Ihese ìßh finures have not, honever, boon 
generally aeeented by other wornern, nho have railed to rinu any 
virus in normal saliva (e.n. iilanner and AoLiu, 1925 G. Noverthe- 
loss there neemc no doubt that the vinin can on occasions be found 
in this site as we will dencribe telot. 
f.;everal workern have investioated the E3a1iva of persons 
sufferinn.fron hernee and have, though rarely, been sucoessful in 
denonstratin(T the nrnnence of the virus (e.g. inaicu and 
19; l2nor and Amass, 1925 b; Nicolan and noincloun, lidn 
19P4). Thus, it has been founn in the saliva of patients suffer- 
ing fro ; latial and facial herpes ano-hernes of the ringer. The 
saliva or ereons nredisosed to herctic eruntions contaLns the 
virus more freciuently than that of other ;arson, ana it nay be 
founo in the intervals betnzeon attanits tlevauitin 1926). 
The viruc ean annarently be carried in 
a latent form in the eonjuactival r;ac, but if the cornea be in- 
jured, then it may produce Iceratitis (Urdter, 194; .nusaeca, 
1025). It ray also nauve severe unilateral conjunctivitis, 
developing without obvioun cause.(ranntr3m, 19Z7). 
Other/ 
The Virus of hoc s has boon rocovord 
on rnro occasions fro 7 !7ooter vesicles end sycosis 
(Noeeli and 1935). 
Cur present article deals uith the condition of herpes 
labiali s which devolo-,ed in healthy (orten 3rfectly fit) male 
adults or as in the majority of ourdatses, in patients under treat- 
ment for gonorrhoea. i;olow we descrldo our own work which is 
subdivided into clinical data, laboratory findings, anial inocula- 
tion experiments (performed by IA'. idlooes), follo , a die- 
ousclon on tha aetiolocy oi the condition. 
fl 
Altogether 33 cases o ros ladialis or 06301:VOU by to, 
6 occurred spontaneously in IT3altlay LUreinG Urderlies, and in 
patients sufferine fre gonorrhoea -410 had received a full course 
of sulphapyridine arid subsequently developed herpes labiali after 
a ,rovocative dose of T. The dosage of sulhaiiyridine admin- 
istered ':as that employed priw2 to the latest Ary. InLAructions, 
and consisted of 9 cls. on tho first day; C on the deCond and 
third; and 6 on tho fouval, the total quantity ;1ven hoinc A/ gnu. 
in four days. The clinical results of such therapy vJorc excellent 
and in the majority of inwtances the urethral cisdharol had abated 
by the fifth day, su that ori the sixth dE* patiente un ...ont a 
test el curo consistin of a 0Q. oe of T..4..6. vaccine in- 
jected intravenously. it vas followin6 this provocative dose of 
T.A.B. that herpes frequently .Aauirested itkJelf. in the first 
batch/ 
batch of observations, t:;enty to patients received t).2 co. 
T.A..d. vaccine intravenously and 43 hours later it was noticed 
that all the non developed nerpos labialis. xton showed only 
a slight eruption which cleared up spontaneously without any 
treatment, but in the remaining six, the lesJ.ons were severe and 
a 5U absolute aloohol drossing vas applied with good effects. 
V3llowin,7 those results it ,:lao decided by Capt. J. A. 
Scott, R.A.1%C., to reduco the dose of vaccine and tho next 
batoh of 6 cases received G.1 co. intravenously. Once 
again herpes vss observed, and threo persons were affected. Sub- 
sequently, it was decided by Capt. Cameron .;ving, to 
dispemo with intrqvonous T.A.L. as a :)rovouative neasure and 
thereafter hypertonie saline solution (instilled ar,d retained in 
thu urethra fur a short time) was substituted as an alternativo, 
following which no further cases of herpes appeared. The obvious 
oomausion to be urmn from those resulte is that if horpes 
labialis lo to be avoided, intravenous T.A.is. vaccine should not 
be given to persons tnmediately after they have received a course 
O' sulphalyridino. This is particularly so during the winter 
months when, as we shall nention later, the herpes carrier rate 
is relatively high. 
To provide a reason for this curiouo phenomenon is not 
oasy, and at first eight it emod that the T.A.15. was tho primary 
exciting OGUSO ammo it ls an aaL.mowledGed fact that the parenteral 
injection/ 
3,. 
injection of Onotrial protein, such ac gonococous and 
otters rnay sometimes cause herpes laCialis in a small proportion of 
individuals. ilut we had reason to suspect that the ,2redieposition 
to herpotio inkeotion was greatiy enhanced Oy the intake of suliala- 
pyridine, because nu less than 24 out of 25 a:tients who received 
0.2 oc. of .A..û. intravonousiy and out of 6 receiving Li.1 dc. of 
aftor sulphapyridinel develo»ed herpes. Thus a we have 
infrred that whilst a course of sulphayridine does not provoke 
herpes itself, tho drug increases the suscotidility to hordes if 
a subseuont and large enough dose of is given intravenOusly. 
we neeu hardly add that for obvious reasons one cannot answer the 
question of how lian tiont ould have developed herpes if they 
had received intravenously I. without sul»hayridinc. 
The possibility' of the Satoh of vaccine used having 
bocc7o accidently contmlinated pith herpes virus was ax4ored, but 
anirlal inoculation and sterility tests proved that the product was 
fatiti. iinali one of us (O. v. received 1 cc. of 
this same vaccine suboutahcously without developing herpes* 
92s-natElzsuedia. 
lierpon virus was recovered from BiX out of seven oases 
examined by employing the following technique:- Vesicle fluid was 
collected in sterile capillary glass tubes; a drop of the fluid 
was placed on tho_corneal surface of an anaesthetised rabilit and 
th4 
the surface the organ lightly oca.rifiod trith a needle. After 
46 hcauro acute acorato-t;onjcaraot.ivi.ti(s had uevolo;,uca. A aropo,tion 
of t;heße anl7,a.l.o ctavolo te;(a men.inaá tio and uie;u, and the oonuition 
could be txane,.,it,terï to healthy r:ai,bite by inoccxlatirra; thorn intra- 
cerebrally or ct;rnea.i.ly, with infected brain or corneal tissue 
L3i18''re7ìß ioilt$. 
We also (soaoristru.teà the presence of elementary úoeiic.a of 
herpes in filmo .:rC;aartàd from the conjunctival exudate and S'roi'l 
corneal so:°ar,,i.i2gs of infected rabbits. Likeu.ise dark baokaground 
microscopical examination c(5xi.fir,,..yod that nurreroue highly refra.ct133 
parti clee not unlike elementary bodies could be aeon, but r3uoh 
reliance was not {a2aced on this ,aLe$it.t7d of examination for reasons 
already d iceu4 w;ed by van 5-:ooyon and ahed..s (1940). 
àa.i.naticr? i T . __à. vaccine. r.rara.bwr+rs .mn_....M+ .-e: « +c..o-asa..x.xad,v.,+..w 
,hiaal of alaterial t:aaWrd for -revocative injection was 
carefully examined for poaoi.b1© evidence of contamination with 
hesrpow virue, but although rabbits aera inoculateci by various 
routee, nono cuuleá be re4overe(i. ::i71!'iultL-in63ouely, genoral tests 
for absence of bactürial growth aere concivat.3(i and 1 cc. amounts 
of bacillary emule ion acre inocua atea in ewi tadlc: solid anti fluid 
media and iacuba.ted exearos.: iva$1y and anaercai.cally in a:;:a`k:irateach 
and Vildoe jar at 370G. for 14 uQye , but as proviowol.y, results 
were negative throughout. No blame could therefore be attached 
to the T.A.i. Vaocirze. 
3.4QtA 00 C: t+ä, 
13. 
,....19.14S,A 
These were done for two reasons, firet to keep a oheci on 
the white cell level durinL; sulehapyridine treatment anu secondly, 
to ascertain whether herpes occurred more frequently in eatiente 
PorIssinc a low oolynorph count. Results showed that no 
correlation existed between the degree of loucopenia and the onset 
of herpes, for in some cases after sulphaoyridine the wte.c. fell 
to 6000 por eu.mm., whereas in °there it reained as high as 
9000, but nevertheless, both categories developed herpes labialis 
after a Drovocative do e or T.A.B. Likewise, twelve additional 
eatiens possessing white cell uount figures intermediate to the 
above also came under review, buL again herpes doVeloped indis- 
criminately. iAnally, no relationship cult be shown to oxlst 
between the state of the differential white cell oicture and the 
predisoesition to herpes. 
SLIALWEAL9111.927. 
It is universaile accepted that herpes virus may occur as 
a comensal in the saliva of a large proportion of normal healthy 
human beings. According to Andrewes and Carmichael (IMO) 
specific oeruo virued-neutraii2ing antibodies were discovered in 
73: of individuals at the time of their experiments. '41at per- 
centage of normal persone carry herpes virus it is difficult to 
calculate, but it is certain that the figure would vary from time 
to timo and would root probably be highest among those living in 
camps/ 
14. 
camps anu hoseitale, especially uuring the einter month. 
obtain a rough eetimate of the carrier rato in a single ward in a 
hospital.during i4ecember 1940, we collecteu early morning faecal- 
mene of enliva from ten (lured ':;ettiantia waiting aifJoharGe to duty, 
and examined them for evidenoe of herpes virue. Dine of these 
specimens of saliva oontaineu no virus, but from the tenth a 
typical otrain of herpes vae recovered and paosaged serially 
throuch three rabbits. tming to the hih eoet of animale a 
largor number of tests could not be performed. The presence of 
herpes virus in one out of the ten persons examined illuetrates 
how easily it can be demonstrated in the mouths of normal individ. 
ual and at a guese eoeething like 10'16 of persons oould therefore 
be assued to be carriere of virus in this inetitution at thic 
time of the year. It shall be remembered that every carrier of 
the virus doce not neceesarily aloe hereetic lesiono, but on the 
other hand, the converse is true, for every eatient eho eevelops 
herpes lc proof of the eresence of the vie in that individual's 
saliva. Thuo, it is quite feasible for a high virus carrier rate 
to exist among a community who may exhibit u relatively low case 
incidence of herpes labializo unless methods of therapy which are 
known to exert a herpetegenic action are used. In support of 
this hyeothesis wo would point out that during the winter months 
ve noticed six eases of herpes Which occurred spontaneeuely among 
healthy nursing orderlies and ethers in a unit of about 300 strong. 
But when patients were treated with sulphapyridine and 0.2 cc. 
Intraleenoa4/ 
intravenous T.A.n., no less than 24 out.of 25 devoleped horpne, 
thus provine the high carrer 'te e7istent. 
,aa1,29.2.0k;orvallaata_lhlua.9.01P lator. 
Ivom Deoe7ber to areh intraur,Jthral saline was subntitutod 
for T.A.:n. vaccine as a provocative 9ensurs, anti over a hundrod 
cases of gonorrhoea wore effectively treated with sulphapyridine 
without any oign of herpos. At the ono of this interval, three 
cases of chronlo gonorrhoaa which had respondeo unfavourably to 
sulhapyridine arrived for attention, aao it naß decidea to try 
the effect of mild protein shoo. theraoy. Acoorcinnly, each 
patient received intravenously U. co. from a fresh phial of T.A.B., 
and five days later two of the fien developed herpes labialis. 
siheso results are of parlioular significance since they support 
the principal pointe we hod established earlier, nen101V# that the 
25 cases already observed were not due to a spontaneous outbreak; 
and although virus was still prevalent In the ealiva of most 
pntients, the use of sulnhan:vriOlne alone did not nroveke herpes, 
hut no sooner ras intravenous T.A.B. used, herpon appeared. 
Clinically, herpes labialis is suo a trivial affootion 
that it scarcely seems to warnant ruh attention, but there is 
reason to suggest that the virus is responsible either in part or 
in whole for certain other pathological lesions in man, (see 
Lovaditi and Iopine, 1940) and consequently, we believe that con- 
tinued/ 
lo. 
tined stnny et herpes max yield valuale informeton. Certain 
faeits huve long bnon recognised, for instance that it lo froquently 
precont In hunati calva, and le liable to attaa healthy persons 
without the slidhtost provocation, or3 often honsninv, it le 
customary to meet it iv Clone whose health io poor; have suffered 
from an acute febrile illacos such as an attack of influenna or 
pneumonia, or 'nho en vitality ha $ been tI7verarily diminished by 
some fern of treatment such as pyrotherapy ex nretein ehocic. 
Warren et al. (1940), reported that syrIptomatio herpes 
deivelopoo in Inn (40n) og 411 persona treated with fever induced 
by methods such as radiothormy (30 metros), inXra.rod radiations 
with carbon filament lamps and het n ter baths. Tho te,nperature 
emnloyen being 39.5 to 41.51)C. for periods ranging from 1 to 47 
hours. Lieveral imnortant points were ebtablished during tho con- 
duct of their rebearehes, for inotanee, it was no p1J,niiible to 
link the frequency of herpes with the height of pyrexia attained, 
the duration of into apylication or the method employed for its 
generation. The only relationship whie h. could be adduced was the 
fact that tho incidence of' herpes seemed to be maximum during 
seasons of the year when naso4Tharyngoal infections wore most 
prevalent. Thus during the month Of November, 57 fever treat- 
ments were administernd and 50A. developed herpen, whilst in the 
summer month of Juno, 32 patients received troatTent and only 12;:, 
Contracted herpes. Cases seemed to occur in series, and sometimes 
for/ 
17. 
for intervals of 10 to 30 days none appourpd, but at othere . 
over patient who was treat ou within a poriod of a week or lencor 
40svoloped it. 
AtrrOn ahu his associates have not offerod any e:oolanation 
for the letter ohenomon, but it is likoly that variation in the 
normal heroos carrier rate via a tho 3ost likoly roason ad to uhy 
oases wero moro numerous at oosin to s than at others. Undor 
normal circwistanoes herpes labiAlis toms to be a self-liniting 
procoss which hoals readily without oomolloations, but tho care- 
ful oboorvations of Warren at al. have oiscIosed that this is not 
invariably so, since sone of their patients revealod signs and 
symptoms of moningooncephalitia resembling a condition named 
horpotic fever, described by Ploasing (190). In the present 
articlo tie havo adduced further ovidenoe in support of two well 
establishod facts ()oncoming the pathOgonosia of herpes. Pirot 
that it is to be froquantly found in apparently normal human 
saliva, and secondly, that following protein shock thorapy herpes 
labialio may develop. Two new points aro also mentionod, namely, 
that largo dosos of sulphapyridino sufficient to cure gonorrhoea 
fail to abolish horpeo virus in the saliva of carriers, and 
that after a oourso of sulphapyridinat pyrothoraoy or protein 
Shook is moro likely to provoke horles 
At this stage the reader may well ask why should a oourse 
of I & B 693 render an individual liable to an attack cf horpos7 
Unfortunately we can offer no explanation as to uhy this should 
bel 
11J. 
bo so. It is conooivab_o, hoviovor, that the phonomonon may ro- 
seoblo an offoot opposito to that of non-spooific stimulation of 
antioouy formatlon by tht injoetion of certain chwlieal uniWp 
o.g., boryilimn chloride, manganouu ohloride, colloidal Yanganoso, 
salvaroan (iAnuning and Lacco. 1937). Acoordinc to gidolau (192E) 
bowel, arsenic, arsonobo01, iodino, mercury, alcohol and 
cocaine also havo a tonuenoy to bo hornetogenio, and consoquontly 
sulphapyridine is uniquo no it doos not oauoo harpes itself, 
but enhances the herpotocenio offset of T.A.B. It might be that 
sulphapyridine doprosso the natural antibody lovel of human 
blood to horpes virus (soo Brain 1937), so that to a carrier a 
subsoquent mild prototh shock procipitatos an attack, but this 
fails to explain everything* 
In conclusion, po fool that there is somothing to bo 
loarnt in connection with our exporioncos, and tho obvious losson 
is that sulphapyridino ought not to bo uood for treating horpos 
labialis or any othor disease oaueod by hor000 virus. Un- 
fortunately, Very littlo is understood of tho oathogenosis of 
horpos virus and although oertain 14orkers have claimod that such 
diseases as encephalitis lothargica and tho donuritio ulcor of 
tho cornea are manifostationo of herpotic infootion, tho vholo 
quootion of the pathogenicity of herpes virus requires ro . 
invostigation in tho light of nodern knouledgo of virus infoctions. 
19. 
00441410.44: 
1. Twenty seven out of thirty one -patients developed herpes 
3.abia1is after a course of oulphapyridine followed by an intra- 
venoue injection of 0.2..1 cc. of T.A.B. emulsion. 
2, All these pereone woro drobably oslivary earriers of tho 
herpoo virus. 
3. ia.rup doses of eulphapyridine (26 gme. in 4 days) do not 
destroy horpes virus in hirlan saliva, neither do they caueo 
herpes lablalis in carriers. 
4. Although sulphapyridine doeo not provoke herpes, the drug 
=pears greatly to enhance the horpetogenic effect of T.A.B. 
vriccino If administered intravenously. 
5. The phenomenon we have described le not due to leucopen18 
and re do not Understand why it should occur. 
desire to thank Col. J. d. Mackinnon of No. 33 
General hospital fur permission to publish the data recorded, 
and wish to thank it. Col. G. 44 .acNab and Japt. J. A. C;cott, 
R.A.1%C., for their interest. 
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THE INTERPRETATION AND SIGNIFICANCE OF 
GORDON'S TEST IN THE DIAGNOSIS OF 
HODGKIN'S DISEASE.* 
A STUDY OF I00 CASES. 
By C. E. VAN ROOYEN, M.D. 
(From the Dej5artment of Bacteriology, Edinburgh University.) 
THE aim of this article is an endeavour to present to 
the reader a concise account of recent experimental work 
on lymphadenoma. Gordon (1932) demonstrated that the 
intracerebral inoculation of a rabbit with an emulsion of 
lymphadenomatous lymphatic tissue was followed by paralysis, 
ataxia, musculo- incoordination and sometimes death of the 
animal. His discovery has been utilised to form the basis 
of a biological test for the diagnosis of Hodgkin's disease by 
van Rooyen (1933) and Ogilvie and van Rooyen (1933 -34), 
who have drawn attention to the value of this procedure to 
the clinician and pathologist alike. 
Their findings have received the confirmation of several 
independent such as van Hoeden and Hulst 
(1934), Davidson (1934), Paterni, Maroncelli and Corsi (1935), 
Davis (1935), Smith (1935), Bartolozzi (1934), Rosenberg 
and Bloch (1936), Uhlenhuth and Wurm (1936) and Warner 
(1936), to whose publications reference should be made for 
further details concerning the practical utility of Gordon's test. 
Whereas the test is useful as an aid to the routine histological 
examination of gland tissue derived from suspected cases 
of Hodgkin's disease, much dubiety has existed with regard 
to the exact nature of the pathogenic agent present in this 
condition and responsible for the encephalitic syndrome in 
the rabbit. Considerable light has been shed on this problem 
by the work of Friedemann (1934), who showed that normal 
leucocytes, bone -marrow and splenic tissue may also exhibit 
an encephalitogenic property towards the rabbit similar to 
that produced by lymphadenomatous lymphatic glands. 
Friedemann (1934) further suggested that this agent is 
Jochmann's proteolytic enzyme, and demonstrated its ability 
to withstand the prolonged action of alcohol, ether and glycerol. 
* By aid of grants received from the Science Committee of the British 
Medical Association and the Medical Research Council. 
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MacKenzie and van Rooyen (1935) have confirmed 
Friedemann's findings as regards the distribution of the 
pathogenic agent in human bone -marrow, spleen and 
leucocytes and have drawn the following conclusions from 
their studies : (1) the encephalitogenic principle present in 
normal tissues (vide supra) is indistinguishable from Gordon's 
agent observed in lymphatic glands affected with lymph - 
adenoma ; (2) Gordon's agent cannot be identified with 
Jochmann's proteolytic enzyme since no relationship can be 
found to exist between the proteolytic activity of a specimen 
of tissue examined on the one hand and its encephalitogenic 
properties on the other. Both investigators have agreed, 
however, that the pathogenic agent represents a product 
associated with certain normal and pathological cells. 
On account of the resemblance existing between the 
encephalitic syndrome in the rabbit produced by lymph - 
adenomatous tissue and that produced by certain neurotropic 
viruses, the possible virus nature of the pathogenic agent 
has been investigated (van Rooyen, 1934). Efforts to transmit 
the encephalitic condition from one rabbit to another have 
failed, and those animals which recovered from it were found 
to be again susceptible on re- inoculation. No definite immunity 
phenomena have been demonstrable and a search for inclusion 
bodies in the central nervous system of affected rabbits has 
failed to reveal them. 
On the other hand, Gordon (1932) and Coles (1934) have 
reported the presence of minute particles resembling the 
elementary bodies of vaccinia in glands affected with Hodgkin's 
disease. It is difficult, however, to accept their presence 
alone as conclusive evidence for the assumption that lymph - 
adenoma is a virus disease, especially when considered along 
with certain noteworthy negative findings, such as those 
already referred to above. There is no alternative, therefore, 
but to conclude that Gordon's agent represents a tissue 
derivative of certain normal and pathological cells which 
exhibits a toxic effect towards the central nervous system of 
the rabbit. 
With regard to the distribution of the encephalitogenic 
agent in animal tissues other than those of the human subject, 
Friedemann (1934) has drawn attention to its occurrence 
in the bone -marrow of monkeys. This question is under 
investigation and will be dealt with elsewhere. 
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The Limitations of Histological Evidence as a Means 
for the Diagnosis of Hodgkin's Disease. 
When the histopathological appearance presented by 
biopsy or necropsy material are typical of Hodgkin's disease 
in a suspected case of this condition, the diagnosis may be 
readily established. In an attempt to elicit the maximum 
information from a given case and obviate the chance of 
securing an enlarged gland which is inadequately representative 
of the nature of the pathological process as a whole, both 
Cunningham (1915), and Barron (1926), have advocated the 
simultaneous resection and examination of several glands at 
one time. 
Unfortunately, however, there remains a proportion of 
instances in which no definite conclusions can be drawn from 
the results of microscopical examination. This is in accordance 
with the experience of numerous morbid histologists, for the 
existence of a group of conditions closely resembling but not 
identical with classical Hodgkin's disease has long been 
recognised. Thus, after an extensive review of the subject 
dealing with the histological diagnosis of Hodgkin's disease, 
Wallhauser (1933) states : " The criteria necessary to establish 
a diagnosis of Hodgkin's disease are hardly standardised or 
uniform, and the apparently increasing inclination of some 
writers to submerge all or many neoplastic or neoplasmoid 
structures of lymphoid origin under the enveloping and 
unqualified term of lymphoblastoma has further complicated the 
problem." He continues to quote Sternberg, who records that 
" The diagnosis of a typical lymphogranuloma has come to mean 
about as much as pseudoleukmia, into which everything was 
placed that did not fit elsewhere. This is a pitiable back -step." 
Likewise, Kettle (see Pullinger, 1932) has suggested the term 
" Hodgkin group " as a suitable designation in order to include 
those cases which presented atypical characteristics. 
In a paper dealing with the diagnosis of lymphadenoma, 
Ritchie (1935) advocated the routine performance of Gordon's 
test in all suspected cases of Hodgkin's disease. He further 
remarks that " The histological findings are often difficult 
of interpretation and depart very widely from the classical 
description of Reed and others, whilst blood examinations 
are often of more value in excluding the diagnosis than in 
confirming it. Nevertheless, amongst the ill- defined group 
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of progressive enlargements of the lymph glands there are 
certain cases concerning which the clinician, the pathologist 
and hwmatologist can reach ultimate unanimity, even if this 
happy issue is reached only over the autopsy table." Calvert 
and Sanguinetti (1933) also draw attention to the extraordinary 
difficulties which may be sometimes met with in the diagnosis of 
Hodgkin's disease. 
Remarks such as these indicate the unsatisfactory state of 
our knowledge concerning the nature of hyperplastic conditions 
affecting the lymphoid and the reticulo- endothelial systems 
generally. They furthermore illustrate that notwithstanding 
the multiplicity of available dyes employed for staining 
lymphoid structure, the total data gleaned from microscopic 
examinations of such tissue still leaves much to be desired. 
It must be appreciated that the morbid -histologist is only 
able to observe the staining properties, the shape, size, contents 
and configuration of particular cells, or groups of cells, from 
which deductions have to be made as to the possible nature 
of the pathological process at work. In lymphadenoma, 
owing to the fact that a multiplicity of cell types are probably 
derived from the reticulum of the gland, it is only to be 
anticipated that intermediate and ill- defined groups of cells 
are to be encountered in a certain percentage of cases, thereby 
complicating the histological picture. 
The property of lymphadenomatous tissue to produce an 
encephalitic syndrome in the rabbit must accordingly be looked 
upon as an important characteristic. It will be shown later 
in this paper that Gordon's test is closely associated with the 
reticulum cell itself, and as such indicates a particular biological 
property of this type of cell apart from its appearance in 
stained sections. 
The Interpretation of the Biological Test. 
Merely because a similar syndrome to that produced by 
lymphadenomatous glands may also be elicited by the intra- 
cerebral inoculation of bone- marrow and splenic tissue, it 
must not be concluded that the value of the test is lessened. 
It should be clearly understood that Gordon's biological test 
for Hodgkin's disease only refers to the results following the 
intracerebral inoculation of rabbits with enlarged lymphatic 
glands and is not applicable to the effects of any other tissues 
when injected by the same route. 
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During the course of this work, extending over a period 
of four years, biopsies have been performed on too cases of 
suspected Hodgkin's disease and the tissue examined both 
histologically as well as subjected to biological test. Comparison 
of findings has revealed that the test is negative in tuberculosis, 
lymphosarcoma, lymphatic leukmmia, syphilis and pseudo - 
leukmmia (or a- leukmmic leukmmia), but positive in a high 
percentage of cases of lymphadenoma. It may, therefore, be 
presumed that Hodgkin's disease is the commonest cause of 
lymphadenohypertrophy that yields a positive result in this test. 
Exceptions to this statement have . been few in number : 
in one case . a positive result was obtained in a possible case 
of Hodgkin's disease complicated by glandular tuberculosis. 
In another, a similar finding was observed in a boy aged 11, 
who clinically presented the text -book description of lymph - 
adenoma but, on histological examination, displayed a marked 
eosinophilia without any other features sufficiently characteristic 
to warrant a diagnosis being pronounced. 
Exceptional instances such as these are only to be expected 
when dealing with a laboratory method of diagnosis, and it 
may therefore be safely said that the percentage of error 
associated with Gordon's test compares favourably with those 
of other procedures involving the use of biological reagents 
in routine diagnosis. The test applied to lymphatic glands 
yields information that is of assistance to the morbid -histologist 
in the interpretation of histological results in suspected cases 
of lymphadenoma, especially when doubt exists with regard 
to the appearances seen in sections. A positive result in 
circumstances such as these should be regarded as evidence 
in favour of Hodgkin's disease. (See Ogilvie and van Rooyen, 
1934.) 
A negative result, however, is of limited significance and 
may sometimes be encountered in typical cases of lymph - 
adenoma. The test should be repeated in such a case for it 
has been noticed that individual specimens of lymph nodes 
have been found to vary in their encephalitogenic activity. 
For example, in an earlier case of lymphadenoma it was found 
that whilst a small cervical gland removed at biopsy gave a 
negative test, after death of the patient, glands removed from 
the mediastinum and groin gave a positive reaction. 
Gordon's biological test is positive in 8.5 per cent. of cases 
of lymphadenoma (Gordon, 1934), and positive in 75 per cent. 
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and 69 per cent. of cases according to van Rooyen (1934) 
and Davis (1935) respectively. It will thus be observed that 
the test has been found to be negative in a certain percentage 
of cases which were both clinically and histologically 
characteristic of Hodgkin's disease. 
Furthermore, it should be pointed out that great variability 
exists with regard to the degree of encephalitogenic action 
displayed by material derived from different cases of Hodgkin's 
disease. For example, whereas one specimen may cause 
marked ataxia, paralysis, and death within three days, another 
may produce milder lesions from which the animal may 
recover completely or be entirely unaffected by it. Attention 
has been paid to this aspect of the problem and, accordingly, 
glandular tissue has been examined microscopically with a 
view to determining whether the variability in encephalitogenic 
behaviour may be explained on a basis of cellular composition. 
It was previously reported (van Rooyen, 1933) that those 
lymph glands which were tough and fibrous in consistency 
frequently exhibited little or no encephalitogenic activity 
towards the rabbit and thus gave a negative result. Further 
work has shown that, to some extent, the result of the test 
may be influenced by the amount of fibrosis present in any 
particular specimen examined. This feature was illustrated 
in the case of two specimens removed from a single case of 
lymphadenoma, the one obtained at biopsy which gave a 
negative result, and the other at necropsy that yielded a 
positive (vide supra). Comparison of sections in such a case 
revealed that whereas the former contained excessive fibrous 
tissue in its composition, the latter displayed a greater degree 
of cellularity in structure. There has thus been some evidence 
to indicate that the presence or absence of the test is related 
to the degree of cellularity manifested by various specimens of 
glands and therefore explanation has been sought to interpret 
the reaction on a basis of such findings. 
The Relationship of Gordon's Reaction to Histological 
Structure in Lymphadenoma. 
The microscopic anatomy of typical Hodgkin's disease has 
been fully described by several observers such as Greenfield 
(1878), Andrewes (1902), and others ; no further account is 
therefore . necessary. The author would remind the reader, 
however, that the usual sequence of events occurring in 
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lymphatic glands are essentially, initial hyperplasia of lymphoid 
tissue, followed by the appearance of numerous endothelial 
cells, with a corresponding diminution in the numbers of 
existing lymphocytes. 
These reticulo- endothelial cells are large in size, oval or 
fusiform in shape, contain a pale staining nucleus of vesicular 
type, showing chromatin granules within it and surrounded 
by a distinct nuclear membrane. Considerably larger cells, 
called Hodgkin giant cells, are also observed at this stage, and 
these are recognisable by virtue of their comparatively large 
size and characteristic multiple or convoluted nuclei. Eosino- 
philic polymorphonuclear leucocytes are frequently present 
and neutrophilic leucocytes are sometimes seen in addition. 
As the condition progresses the normal glandular architecture 
tends to be obliterated and replaced by the elements described 
above. The gland capsule is usually unaffected by these 
changes. Connective tissue fibres eventually make their 
appearance, and wide areas of fibrosis may be seen throughout 
the section. 
Hitherto, attempts to correlate the occurrence of a positive 
reaction in the rabbit with the existence of a particular type 
of cell in the tissue used for inoculation have been unsuccessful. 
Subsequent work, however, has proved that in a number 
of instances it has been possible to associate closely a positive 
result with the presence of the reticulum cell in lymphadenoma. 
This conclusion has been reached after systematic microscopical 
examination of Hodgkin lymph nodes that varied in their 
encephalitogenic activity towards the rabbit and by observing 
the incidence of various cell elements contained within them. 
Attention was therefore focussed upon those tissues which 
showed the greatest cellularity in their composition. All 
sections were thus divided into two classes according to 
whether they had been derived from positive or strongly 
positive encephalitogenic material. An endeavour was then 
made to detect any significant histological differences between 
individual specimens, with the object of discovering if any 
particular cells or group of cells were to be linked with the 
reaction in the rabbit. Sections were stained by hæmatoxylin 
eosin and eosin methylene -blue as well as by Foot's method 
when available. The results indicated that gland tissue which 
contained numerous Hodgkin giant cells was found to be no 
more active than those which did not. 
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Likewise the relative incidence of neutrophilic and eosino- 
philic polymorphonuclear leucocytes did not appear to affect 
the results. The number of lymphocytes was also found to 
be unconnected with the reaction, and this was proved not only 
in certain lymphadenomatous glands in which numerous 
lymphocytes were noticed but also from the negative results 
recorded in lymphosarcoma, lymphatic and a- leukmmic 
leukmmia respectively. 
On the other hand, it was repeatedly observed that large 
numbers of reticulum cells were encountered in those glands 
which gave a positive reaction. For example, in five specimens 
in which positive results were recorded it was observed that 
the tissue was composed principally of numerous large reticulo- 
endothelial cells with only occasional eosinophil and poly - 
morphonuclear leucocytes intermingled among them. 
The latter cells when stained by hmmatoxylin and eosin 
appear as large oval or fusiform structures, with a pale blue 
cytoplasm and a vesiculated nucleus, surrounded by a definite 
nuclear membrane. For a detailed description of their 
morphological characters the reader is referred to the careful 
description devoted to them by Pullinger (1932). 
Whilst it is only reasonable to conclude that these cells 
(in an analogous manner to normal leucocytes) contained the 
encephalitogenic agent to the rabbit, it should be emphasised 
that in certain cases, although they were present in sections, the 
tissue failed to produce a strongly positive reaction in the rabbit. 
It would thus appear that the encephalitogenic agent is not 
always demonstrable in the reticulo- endothelial cells found in 
lymphadenoma, and its inconstancy in this tissue is similar to its 
occurrence or absence in various specimens of pus or leucocytes,. 
see Gordon (1934) and MacKenzie and van Rooyen (1935). 
It is of particular interest, however, that both the normal 
polymorphonuclear leucocytes as well as the reticulum cells 
observed in lymphadenoma should be found to contain a 
similar encephalitogenic agent towards the rabbit. It remains 
to be seen whether this finding would help to strengthen the 
views of Kidd and Turnbull (1908) and MacNalty (1928) and 
Pullinger (1932), who have postulated the local origin of the 
granular leucocytes in lymphadenoma, in contradistinction 
to the general opinion that they are the result of colonisation 
and deposition via the blood stream. Whichever of these 
possibilities ultimately proves to be correct, the current work 
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indicates the presence of a common characteristic existing 
between reticulum cell and the polymorphonuclear leucocyte. 
Pullinger (1932) quotes a case in which direct heteroplastic 
transformation of reticulum cells into myelocytes and pro - 
myelocytes occurred without passage through a common 
blood cell stage. This author also states earlier that " No 
further discussion on the exact nature of these changing cells 
can be pursued on account of lack of data." 
Under the circumstances, the encephalitogenic property 
manifested by leucocytes, bone -marrow and the reticulum 
cells in Hodgkin's disease would appear to supply some 
information regarding the hitherto suspected relationship 
existing between these groups of cells. 
In a paper dealing with the classification of diseases of 
reticulo- endothelial system, Ross (1933) advocated that a 
distinction should be established between hyperplasia affecting 
the undifferentiated or basic (true reticulum) of lymphatic 
glands, and the differentiated reticulo- endothelial cells (littoral 
cells) lining the sinus spaces. The same worker has placed 
lymphadenoma in the former category and states that 
the condition is a true reticulosis due to hyperplasia of 
undifferentiated cells possessing unrestricted potency for 
differentiation, i.e. follicular reticulum of lymph glands, 
Malpighian bodies of spleen and undifferentiated reticulum 
cells of connective tissue. Medlar (1931) has suggested that 
Hodgkin's disease and myelogenous leukæmia are genetically 
allied, and Pullinger has likewise concluded that the disease 
may be described as an extramedullary fibro -myeloid reticulosis. 
There would appear to be no reason for the onset of these 
changes, and the failure to find a specific micro -organism 
strengthens the belief that the disease is of neoplastic origin. 
It must be remembered, nevertheless, that minute particles 
resembling elementary bodies found in certain virus diseases 
have also been seen in lymphadenomatous tissue by Gordon 
(1936). The latter has employed emulsions of sensitised 
elementary bodies for the treatment of the disease, and Warner 
(1936) has recently reported beneficial results following their 
administration in early cases. Warner's careful clinical 
observations regarding the effects of these vaccines are of 
great interest and for further details his publication should 
be consulted. Additional information, however, is necessary 
before it can be finally concluded that Hodgkin's disease is 
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a virus infection. Meanwhile, after due consideration of the 
findings of earlier investigators, and from the results of 
continuous research work into the tiology of lymphadenoma 
extending over a period of years, the author has concluded 
his studies on this subject. 
At the present time there is the strongest possible evidence 
to support the opinion that lymphadenoma is essentially a 
neoplastic process affecting lymphatic gland tissues. 
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INTRODUCTION. 
RECENT work on virus infections of man and lower animals such 
as variola, vaccinia, psittacosis, herpes, ectromelia and fowl -pox, 
has shown that the specific oetiological agents responsible for 
these diseases appear as particulate and visible objects. These 
are now known as elementary bodies and are of historical 
interest to us since the elementary bodies of vaccinia and variola 
were first discovered in Scotland. The literary researches of 
Dr. Mervyn Gordon (1937) . have revealed that they were first 
noticed by Dr. John Buist (1887) who practiced as public 
vaccinator in Edinburgh from 1877 to 1915. Professor Mackie 
informs us that the discovery was made by Buist when working 
in Professor Chiene's bacteriological laboratory which was not 
only the forerunner of its kind in the University but also 
* The Substance of an Address and Demonstration delivered to the Glasgow 
Northern Medical Society on 9th December, 1937, 
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probably the first to be instituted in Great Britain. Unfortun- 
ately, Buist failed to recognize the wtiological significance of the 
minute granules he observed and called them the "spores of 
micrococci " -thus clearly appreciating. that they were smaller 
than staphylococci (see Mackie and van Rooyen (1937). 
Later these were observed by other workers, such as Calmette 
and Guerin (1901), Prowazek (1905) and Chaveau, the last of 
whom proposed the name of " elementary granules" for them, 
(see Gordon 1937). 
In 1906 Professor Paschen of Hamburg published his investi- 
gations into the elementary bodies of vaccinia and variola. 
His subsequent studies conclusively proved the etiological rôle 
of these granules beyond all shadow of doubt, as a result of 
which they have now been accorded world -wide recognition and 
universally named the Paschen bodies of vaccinia. 
Following the work of Paschen on the elementary bodies of 
vaccinia, similar particles have been described in association 
with other virus diseases by later workers. 
THE SIZE OF VIRUSES. 
These granules vary considerably in their size and by means 
of filtration through collodion filters of graded porosity Elf ord 
(1931) and his co- workers have succeeded in measuring them. 
Thus- vaccinia virus has been found to be 125 to 175 /LA in 
dimension, herpes 100 to 150 ,u ,u, psittacosis 250 ,u ,cc, and 
lymphogranuloma inguinale 150 u ,u respectively. 
The ability or otherwise of a virus particle to pass a particular 
filter depends on a number of factors, the principal of these 
being the average pore size of the membrane employed. By 
this means it is possible not only to gauge the probable size of 
virus bodies which are large enough to be visible by the 
ordinary microscope (x 1200) and measured by photomicrography 
but also those which are too small. 
According to Coles (1929) the limit of visibility has been 
calculated to be 0.0740 to white light and 0.0673 µ to green 
light. The size of many virus particles estimated according to 
Elford's filtration methods, should therefore theoretically lie 
within the resolving powers of the ordinary microscope, provided 
suitable methods of staining could only be found to make them 
demonstrable, 
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Current work has tended to support this belief, for the 
elementary bodies of variola, vaccinia, psittacosis, herpes and 
molluscum contagiosum virus are clearly visable structures. 
There is no doubt that with improvements in technique and 
additions to our knowledge concerning the fundamental 
biological nature of viruses in general, the number of these 
agents visible by the ordinary microscope should tend to increase. 
At the same moment it should be appreciated that there also 
exist many virus particles below 0.067 in size which are so 
small that they may never be seen by the ordinary microscope. 
The ultra- microscope perfected by Barnard (1936), employing a 
monochromatic source of ultra -violet light and an optical system 
constructed of quartz glass, promises to furnish a method 
whereby particles beyond the magnifying powers of the ordinary 
microscope may be photographed and measured. The figures 
obtained by Barnard closely correspond in size to those obtained 
by Elf ord's ultra- filtration. The high magnification and 
excellent definition provided by the ultra- violet light microscope 
also make it possible to elucidate finer morphological details 
in the structure that cannot be detected with lower magnifications. 
The work of Ledingham (1932) has proved that elementary 
bodies can also be deposited from suspensions of infective 
material by means of high -speed centifrugation. Schlesinger 
(1934), Elford (1936), and McIntosh and Selbie (1937) and others 
have used centrifugation as a means for determining the size of 
elementary bodies. Thus, by subjecting a suspension of virus 
containing material to intense centrifugal force under conditions 
in which Stoke's Law is applicable, they have been able to 
calculate the probable particle size of the virus from its sedimen- 
tation rate. 
Recently Hagemann (1937) has shown that if filin prepara- 
tions of virus bodies are treated with primulin (yellow 2 GS) or 
fluorochrome and exposed to ultra- violet light they tend to 
exhibit fluorescence. Himmelweit (1937) has used this principle 
for investigating the growth of vaccinia virus in the chorioallantoic 
membrane of the developing chicken embryo. The principle has 
many interesting possibilities in its application to virus research 
and these have yet to be explored. 
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OTHER BIOLOGICAL CHARACTERS OF ELEMENTARY BODIES. 
Elementary bodies are thus not only definitely particulate 
but also display a variety of biological characteristics which 
suggest their relationship to the ,larger micro- organisms. 
Nauck and Paschen (1933) have demonstrated the growth and 
multiplication of vaccinia virus in tissue cultures and likewise 
Bland and Canti (1935) have made similar observations on 
psittacosis virus. As mentioned earlier, elementary bodies can 
be deposited, after centrifuging suspensions containing them at 
high- speed. Thus Ledingham (1932) and Amies (1934) have 
proved that the elementary bodies of vaccinia, fowl -pox, 
herpes zoster and varicella can be separated from infective tissue 
by centrifuging at 12,000 r.p.m: for .about 35 minutes. The 
deposited bodies have then been washed by repeated centrifuga- 
tion and obtained in a relatively pure state free from tissue 
protein material. These workers further showed that the 
elementary bodies of vaccinia, varicella and zoster may each be 
specifically agglutinated by the sera of patients recovering from 
these diseases, thus successfully demonstrating the presence of 
specific agglutinating antibodies in the sera of convalescent 
subjects. Specific agglutinin absorption tests analogous to 
those found in bacterial infections have also been used by 
Wilson Smith (1930) in vaccinia and herpes. 
Gordon (1925), Craigie and Tulloch (1931) have used this 
information as the basis of an agglutination test for the 
diagnosis of variola. Craigie (1932) later showed that filtrates 
of vaccinial pulp contained a fiocculable precipitable substance. 
Craigie and Wishart (1934, 1.936) further demonstrated the dual 
antigenic structure of vaccinia virus and proved that it consisted 
of two fractions, one of which was thermolabile and the other 
thermostable. Specific complement - fixation tests were also 
described in vaccinia by Craigie and Wishart (1934). Likewise 
complement fixation reactions have been described in psittacosis: 
by Belson (1933), herpes by Bedson and Bland 0929), and 
in influenza virus by Fairbrother and Hoyle (1937). 
A few viruses such as those of vaccinia, herpes and infectious 
myxomatosis of rabbits have been subjected to electro- cataphoresis 
and found to be negatively charged ; this is another similarity 
to bacteria. 
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There is, therefore, little doubt that the elementary bodies 
of virus diseases represent the actual infective agent of the 
respective conditions in which they occur and are, moreover, 
forms of living matter. It seems incredible to believe that a 
form of life so small as the poliomyelitis virus which is 10 
in diameter could exist, but there appears to be no reason as to 
why it. should be placed in a category separate to a larger 
visible virus (such as vaccinia) merely because of this feature. 
Modern work has tended to show that the so- called filterable 
and ultra -microscopic viruses represent a range of living agents 
that only differ from the bacteria by virtue of their minute size 
and their inability to multiply in cell -free media. Recently 
Laidlaw and Elford (1936) described a virus which they isolated 
from sewage and successfully cultivated on artificial media, an 
observation of great interest, since it had hitherto been generally 
regarded that living and surviving cells were essential for the 
growth and multiplication of viruses. The viruses admittedly 
possess certain distinctive characteristics such as the presence of 
inclusion bodies in invaded cells and their inability to multiply 
on artificial media, but apart from these features, in general, the 
trend of modern work tends to bring them into closer alignment 
with the visible bacteria. 
It is not possible to leave this subject without making a brief 
reference to the work of Stanley (1936, a and b) on virus 
diseases of plants. He and his co- workers have isolated from 
plants affected by tobacco mosaic a crystaline protein which was 
capable of reproducing the disease when inoculated into other 
plants. The same substance, called heavy protein, has also been 
isolated from other plant diseases such as cucumber mosaic and 
potato X disease. More recently similar substances have been 
claimed to be recovered from yellow fever, Shope's infectious 
papillomatosis of rabbits, equine encephalomyelitis of horses and 
bacteriophage. The living nature of viruses has thus been 
challenged. The subject is a fascinating one and bristles with 
academic problems, and many interpretations have been advanced 
to explain these findings. One of them has been the view that 
the proteins isolated were protein enzymes which synthesized 
themselves after gaining access to the host's tissues. This work 
may yet profoundly influence our conceptions of viruses as 
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living entities and further researches are awaited with the 
keenest of interest. 
INCLUSION BODIES. 
The occurrence of these bodies in infected tissues has proved 
to be one of the most characteristic features of certain virus 
infections. For convenience these bodies may be briefly 
classified as follows :- 
A.Iatracytoplasmic 
(1) Eosinophilic.- Guarnieri and intrafibroblastic bodies of 
vaccinia ; Henderson- Patterson bodies of molluscum ; Bollinger 
bodies of fowl -pox ; Negri bodies of rabies ; Marchal bodies of 
ectromelia; Prowazek- Halberstadter bodies of trachoma; Rivers' 
bodies of rabbit myxomatosis. 
(2) Basophilic.- Psittacosis bodies (Bedson) ; Gamna -Favre 
bodies of L.G.I.; Japanese micro -corpuscles of L.G.I..; Thygeson 
bodies of inclusion conjunctivitis; Da Fano bodies of herpes and 
encephalitis. 
B.- Intranuclear, usually eosinophilic :- 
Lipschutz bodies of herpes ; Torres' bodies of yellow fever ; 
Rift valley fever bodies. 
These bodies may be studied in a large number of ways :- 
(1) Microchemical and staining tests may be carried out. 
The bodies may be tested, by their solubility in HC1, by the 
Feulgen technique for thymo- nucleic acid, and by the Macallum 
test for masked iron to exclude their nuclear origin ; by intra- 
vitam Janus green, and by other methods to exclude mitochon- 
dria ; and by the oxidase test to exclude their leucocytic origin. 
Certain inclusions show an affinity for brilliant cresyl -blue when 
this is added to preparations of tissue cells containing them. 
By these means it should usually be possible to decide whether 
the body is of nuclear, mitochondrial, leucocytic or other origin, 
but as regards whether it represents the virus itself further 
tests are necessary. 
(2) Much help can be obtained from the study of virus - 
infected tissue cultures. The actively growing cells may show 
characteristic inclusion bodies, e.g., the Guarnieri bodies of 
vaccinia (Haagen, 1931), the formation of which may be observed 
continuously either photographically or by cinematograph films, 
and the life cycle of psittacosis virus was worked out in this 
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way (Bedson and Canti, 1935). The formation of inclusion 
bodies may also be studied in infected eggs. 
(3) Micro -incineration (Rector and Rector, 1933) is 4 method 
whereby thin films of tissue containing inclusion bodies are 
exposed to intense heat and ached. Estimation of inorganic and 
organic material is then carried out, and it has been found that 
cytoplasmic inclusions contain abundant inorganic matter 
whereas intranuclear inclusions do not. 
(4) Ultracentrifugation consists in centrifuging tissue 
containing inclusions at very high speed. In the case of 
herpetic intranuclear inclusions, for instance, it has been shown 
that they are lighter than chromatin and appear to exert an 
antagonistic effect upon it (Lucas and Herrmann, 1935). 
(5) Micromanipulation is the supreme test to which every 
inclusion should be subjected. This has been performed in the 
case of fowl -pox, ectromelia and herpes, in which the disease has 
been reproduced with a single inclusion body (Woodruff and 
Goodpasture, 1929, 1930; Baumgartner, 1935). This demonstrates 
in a most convincing way that these bodies contain the living 
virus. 
It appears that the great majority of inclusions represent 
aggregations of virus particles, often perhaps surrounded by a 
uniformly- staining coat formed from the enclosing cell or from 
the particles themselves. Certain inclusions such as the Gamna- 
Favre bodies of L.G.I. are, on the other hand, quite obviously of 
a different order, being probably nuclear or nucleolar extrusions. 
CULTIVATION OF VIRUSES. 
Certain viruses will grow readily in the presence of living 
cells provided that they are suitably supported, nourished and 
warmed. For mere survival of the virus tissue filtrates will 
probably serve (Muckenfuss and Rivers, 1930) but for actual 
propagation intimate contact with whole and living cells is 
essential (Parker and Nye, 1925). The usual cells used in this 
work are obtained from rabbit testicle or cornea or from chick 
embryo tissues. The nutrient fluid varies, Tyrode's solution 
rabbit's serum, rabbit's plasma, and chick plasma all being 
used. If the fluid is to clot, then plasma must be employed. 
Spleen or embryo extract is usually used to promote growth, 
and clotting of plasma. As regards support, cells may be grown 
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on the under -side of coverslips, surrounded by nutrient fluid, as 
hanging drop preparations over hollow ground slides (the slide 
technique). Sometimes the tissue and nutrient fluid is used in 
larger amounts and enclosed within small glass or Carrel flasks 
(Maitland technique, Maitland et al, 1928, 1930, 1932). Generally 
speaking, virus is added to such cultures for one of two reasons, 
either to study the development of inclusion bodies or else for 
its propagation, and these purposes have been achieved in an 
ever -increasing number of viruses. 
The developing chick embryo is also widely used in virus 
work (Woodruff and Goodpasture, 1931; Burnet, 1936). 
A small quantity of virus- containing material is injected 
through the shell of a fertile egg which has been incubated for 
8 to 10 days. This matérial falls on to the chorio -allantoic 
membrane and there the virus proceeds to grow and produce a 
reaction characterized by the formation of numbers of pocks or 
plaques. After a few days' growth the egg may be opened and 
the membrane removed to constitute a rich yield of virus. A 
considerable number of viruses have been propagated in this. 
fashion and a number of practical applications have been 
introduced. For instance, it is now possible to produce vaccinial 
material for human vaccination from the egg which is absolutely 
sterile and has the same biological properties as lymph produced 
from the calf (Stevenson and Butler, 1933, 1935). 
IMMUNITY TO VIRUS INFECTIONS. 
In certain instances, the serum of an individual who has 
passed through an attack of a virus disease will show specific 
neutralizing and other antibodies during convalescence. The 
subject would also be protected from further invasion, and at 
one time it was considered that resistance to a second attack 
was an essential criterion of this group of infections, but to -day 
no such generalization is possible. 
It is still correct to say, however, that the immunity developed 
following smallpox, chicken -pox, measles, mumps, or poliomyelitis 
is of a high order and probably lasting in duration, but in a 
number of other diseases it is only of a transient nature. 
For example, in herpes simplex, epidemic influenza and the 
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A- Photomicrograph made from a film preparation 
of vaccinia virus cultivated in the chorio- 
allantoic membrane of the chick embryo, 
showing Paschen or elementary bodies. 
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B-Similar picture made from a film of conjunctival 
secretion obtained from a rabbit infected with 
myxoma virus, showing elementary bodies. 
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C-Film showing a mixed culture of Staphylococci and 
B. coli. for comparison with the elementary bodies 
shown above. 
All three have been stained by the same method, namely, Paschen's stain for elementary bodies. 
Each division on the micrometer scale = 1.2 ltd. The total magnification = X 1222. 
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The therapeutic action of measles and poliomyelitis conva- 
lescent sera is too well -known to merit further description here, 
and whereas in these it is of value when given early on, it 
appears to be relatively useless when administered during the 
late stages of the illness. 
The practical problem of storing human convalescent serum 
thus arises and this has yet to be satisfactorily dealt with. One 
of the best methods we have seen of preserving sera for long 
periods of time has been that used by Craigie and Tulloch by 
desiccating serum iv, vacuo by drying it from the frozen state. 
This principle of storing sera by desiccation has been placed on 
a commercial basis in America. 
The mechanism of antivival immunity has been a topic of 
keen controversy and many different opinions have been 
expressed. 
Andrewes (1930) showed that once a virus had gained access 
to a cell the addition of anti -serum failed to check its growth, 
whereas if the anti -serum were added before' the virus then 
neutralization occurred. 
Levaditi (1926) maintained that the immunity to herpetic 
infection is purely resident in the tissues,. and Sabin (1935) has 
gone so far as to state that the action of an anti -serum is upon 
the cell and not the virus. The relative importance of humoral 
and cellular immunity thus appears to vary in different diseases. 
In all probability both mechanisms are involved. 
THE MODES OF TRANSMISSION, INCUBATION PERIOD, 
LOCALIZATION AND EXCRETION OF VIRUSES. 
Direct skin or mucus membrane contact is a common route of 
transmission, examples of which are seen in the case of variola, 
vaccina, herpes, molluscum contagiosum, warts and lympho- 
granuloma inguinale. In others, droplet infection may cause 
spread, and this occurs in measles, mumps, influenza, psittacosis 
and poliomyelitis. Dried infective material deposited on 
domestic articles may also serve as an indirect means of trans- 
mitting many of these diseases. 
The rôle of animal, insect and arthropod vectors is of great 
importance for many virus diseases of man are communicated 
via these agents. To quote a few cases -A. aegypti is respon- 
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sible for the transmission of yellow fever, 1'. papalu for that 
of phlebotomous fever, and A. uegypti has also been accused of 
having transmitted herpes virus. Among animal virus diseases 
the number of them transmitted by insects and arthropods is 
very considerable. In the case of the blood- sucking creatures 
mentioned, these may either transmit the infection mechanically 
or else permit some cyclo- propagative phase to take place 
within their body. 
A number of naturally occurring virus diseases of animals 
have been shown to be communicable to man. For example, in 
addition to rabies, cases of Rift Valley fever, louping -ill, and 
foot- and -mouth disease have lately been reported in man. 
Another of the characteristic features met with in virus 
diseases is that of the definite incubation period which elapses; 
between the date of entrance of the virus into the host, and the 
period at which the signs and symptoms of illness develop. 
Great extremes are observed in the duration of this interval. 
For example in 'Rift Valley fever it may be as short as forty - 
eight hours, whereas in the case of warts and molluscum 
contagiosum the period may be months long. We ourselves 
have seen a case of rabies occurring in Scotland in a veterinary 
surgeon who had been licked by a rabid dog, before the victim 
left Africa, about six months previously. 
This aspect of the battle against the spread of virus diseases 
is of growing importance and particularly in respect of the 
spread of yellow fever by air travel routes, a matter which has 
already received the serious and energetic attentions of the 
authorities concerned. 
Having gained access to the tissues of its host, a virus may 
either cause a generalized invasion throughout the body or else 
exhibit a selective affinity for one of its tissues. Certain viruses 
such as those of variola -vaccinia, herpes, Rift Valley fever and 
yellow fever are pantropic in character and attack all three 
embryonic layers. Others, such as rabies and poliomyelitis 
virus which are neurotropic in character, and warts and 
molluscum contagiosum which are dermotropic in nature, tend 
to affect the ectodermal layer. Lastly, certain virus diseases of 
animals tend to be mesodermotropic in their distribution -for 
example, fowl -leukaemia,, sarcoma and Shope's papilloma virus 
of the rabbit. 
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The excretion of virus is of interest to the Public Health 
worker as many of them may remain for considerable periods 
of time in tissues and individuals harbouring them are liable to 
act as carriers. The portals by which they leave the body tend 
to vary with individual infections; for example, variola, varicella 
and warts are shed from the skin ; rabies, mumps, measles, the 
common cold, poliomyelitis, and influenza virus are found in the 
nasal or respiratory secretions. Yellow fever and dengue virus 
are present in blood; lymphocytic chorio- meningitis virus is 
excreted in the urine (Findlay, 1936); bacteriophage in the 
feces. 
Thus, medical measures designed to combat the spread of this 
group of diseases should be directed towards the early diagnosis 
and isolation of cases, and during the period of epidemics 
attention should be paid to maintaining the cleanliness of the 
skin and preservation of oral hygiene. 
ACTIVE IMMUNIZATION. 
Human beings or animals can be made resistant to infection 
against certain viruses by immunizing them with either living 
attenuated virus or else dead virus suspensions. A multiplicity 
of different practices has been introduced to attenuate or other- 
wise modify the pathogenic effect of viruses, the two best known 
of these being the procedures adopted for the manufacture of 
rabies vaccine, and calf -lymph for human anti -smallpox vaccina- 
tion. In connexion with the latter it is noteworthy that 
cultures of vaccinia virus cultivated in the chorio- allantoic 
membrane of the developing chicken embryo have already been 
used for Jennerian vaccination. The prophylatic efficacy of 
vaccine virus prepared by this method has yet to be proved, but 
the method is a valuable one whereby pure cultures of vaccinia 
virus may be obtained free from cocci and other organisms, and 
constitutes an important advance in this field. 
During the last year the Hampstead workers (see Andrewes, 
1937) made an effort to actively immunize human subjects 
against epidemic influenza by inoculating them with formolinized 
killed virus prepared from infected mouse lung. Although 
their experiments were not crowned with success, a number of 
important facts emerged from the results of their inquiries. For 
instance, they clearly showed that the inoculation of formo- 
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linised virus was followed by a rise in the antibody titre 
of the person's serum. 
In America, Francis and Magill (1937) have used live influ- 
enza virus for their immunization of human subjects and 
reported good results. The therapeutic efficacy of vaccines such 
as these depend largely on the strain of virus employed. 
Andrew es (1937) recently drew attention to the fact that strains 
of virus isolated from various epidemics tended to be anti - 
genically different in their composition, so that until more is 
known about the antigenic structure of influenza virus the 
preparation of influenza vaccines cannot be placed on a 
satisfactory basis. 
Immunization against yellow fever supplies another example 
of what has comparatively recently been achieved in the control. 
of .virus infections. The method consists of injecting individuals 
with immune human yellow fever serum, followed later by 
a small dose of live neurotropic virus which lias been Maintained 
by repeated mouse brain passage (Sawyer, Kitchen & Lloyd, 1932). 
Findlay and MacCallum (1937) state that about 2,200 persons 
have thus been inoculated against yellow fever and only 48 of 
these have shown signs of hepatitis and jaundice at an interval 
of two to seven months after inoculation. 
Immunization against virus diseases has also been performed 
by introducing live virus material parenterally via a route by 
which it is non -pathogenic. This has been done in the case of 
psittacosis virus by Rivers and Schwentker (1934, b), who have 
inoculated it subcutaneously into human subjects. 
The value of chemotherapeutic agents such as prontosil has 
yet to be investigated in virus infections. 
DISEASES OF THE SKIN. 
Warts.- Clinicians differentiate a number of types of warts 
more on account of their site and differing appearance than for 
any difference in the wtiological agent which is the same for 
common, juvenile, plantar, genital, filiform and digitate warts. 
Laryngeal papillomata are also caused by the same virus 
(Ullmann, 1923 ; Ishikawa, 1936). The virus has not been 
demonstrated optically and can neither be cultured nor readily 
transmitted to animals. Warts often disappear spontaneously 
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but this does not appear to be clue to an antibody effect (Brain, 
1937). 
_Holluscam Contuy¿usum. -The aetiological agent of molluscuim 
can be readily demonstrated in the form of elementary bodies in 
filins from the characteristic lesions. The large eosinophilic 
inclusions were at one time thought to. be hyalinized epithelial 
cells, but recent micromanipulation studies leave little room to 
doubt that they are actual accumulations of the elementary 
bodies themselves. 
Herpes Febriljs. -All types of herpetic eruption (apart from 
Zoster) such as herpes febrilis, herpes labialis, herpes facialis, 
herpes cornealis and herpes genitalis are clue to one and the 
saine virus. Elementary bodies of small size, and characteristic 
large eosinophilic intranuclear inclusions have been described. 
The inclusions are probably composed of aggregates of the virus 
particles. The virus can be readily cultivated. It has a most 
characteristic action on animals; thus, if the cornea of a rabbit 
be infected an intense keratitis results with, in some cases, 
spread to the brain and death from encephalitis (Löwenstein, 
1920 ; Doerr, 1920). The virus has been found in the saliva, 
conjunctival exudate and cerebro- spinal fluid of persons normal 
as well as herpetic (see Levaditi, 1926 ; Flexner and Amos, 1925). 
Approximately 75 per cent of normal human sera contain 
herpetic antibody (Andrewes and Carmichael, 1930), This anti- 
body is said to be low in cases of recurrent herpes and absent in 
encephalitis lethargica (Gay and Holden, 1931). A recurrent 
herpes probably results in persons whose tissues are unusually 
susceptible to the virus, which is more or less continually carried 
in their saliva or elsewhere. Some success has attended the 
treatment of such cases with vaccines containing the virus and 
prepared from infected animals in the hope of raising the 
lowered antibody titre of the serum (Brain, 1936, 1937). 
Herpes Zoster. -The aetiological agents have been demonstrated 
optically and occur as elementary bodies (Taniguchi, et .al, 1934). 
These can be agglutinated by the serum of zoster as well as 
. varicella convalescents (Amies, 1934). Complement fixation 
tests have also been carried out (Bedson and Bland, 1929). The 
virus cannot be cultivated and has not with certainty been 
transmitted to animals. The virus is probably quite unrelated 
to that of herpes febrilis but is closely connected if not identical 
with that of chicken -pox (varicella). 
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V E N E I: E DISEASES. 
(1) Lyiì p1wgì al uluuta htyuiItate (L.G.I.). - This is the 
name in most general use to describe a disease previously known 
variously as climatic bubo, venereal bubo, malady of Durand 
and Favre, poradenitis and the sixth venereal disease. The 
disease is usually contracted in the Tropics or on the Continent. 
Cases are being reported however with increasing frequency 
where the infection has been contracted in Great Britain. Thus 
cases have occurred in Edinburgh, London and elsewhere 
(Stanuus and Findlay, 1933 ; Earle, 1934 ; Whittaker, 1937 ; 
Batchelor, 1937). The disease is spread venereally and after an 
incubation period of from five days to a month a small, usually 
painless, primary ulcer or-papule develops on the genitals. A 
few days later the regional lymph glands become enlarged and 
swollen, suppuration occurs and eventually. the pus opens on to 
the surface of the groin. In females the affected regional glands 
frequently lie more deeply, in the pelvis, and this fact accounts 
for certain later disorders in which there is lymph stasis. 
During this secondary stage general symptoms may be noted 
such as fever and malaise. Eosinophilia appears to be common 
(Coutts, 1936) ; also a mononucleosis may be foúnd. 
If untreated, the condition may heal spontaneously in the male, 
but this is relatively uncommon in the female, in which some 
months or .years later tertiary lesions are found such as 
esthiomène, elephantiasis of the vulva, and rectal stricture. It is 
now becoming increasingly evident that the vast majority of 
cases of rectal stricture are due not to syphilis but to L.G.I. 
The metiological agent of the disease has been demonstrated 
optically by Miyagawa et al (1935), and other workers, in 
human and experimental lesions, and occurs in the form of 
small granules lying free or else inside epithelial and phagocytic 
cells. Inclusion bodies are known as Gamma -Favre bodies but 
represent merely nuclear material and not the virus itself. 
The virus has been cultivated in Maitland's medium and by 
the egg (Tamura, 1934 ; Meyer and Anders, 1932 ; Miyagawa, 
1935, b.). It can be readily transmitted to mice and monkeys 
with the production of a fatal meningo- encephalitis, to guinea- 
pigs with production of enlarged inguinal glands (Hellerström 
and Wassén, 1930 ; Levaditi, et al, 1932 ; Findlay, 1933 -34). 
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Of invaluable aid in diagnosis is the Frei (1925) test, which 
consists in the intraclerrual injection of 0.2 cc. of pus from 
a known case of L.G.I., diluted 1/0 and heated to 60° C. for three 
hours. In positive cases an erythematous papule appears and 
by forty -eight hours is frequently 1.5 cm. in diameter. Central 
necrosis occurs, and this necrotic papule is still visible after 
seven days. The exact active principle in the Frei reaction is 
uncertain, but it cannot be the virus itself which is killed at 
60° C. in a few minutes. Frei antigen has been used successfully. 
in treatment, injected either intradermally or intravenously in 
repeated doses (Batchelor, 1937). 
(2) HeVí)e8 Geizitali.s. -This disease is most common in cases 
of chronic gleet and prostatitis, and is due to the same agent as 
herpes febrilis which is described above. 
(3) Genital Warts is the best term to use for all warty 
growths of the genital region, instead of condylomata acuminata, 
gonorhoeal warts and venereal warts. The lesions are due to 
the same filterable agent as causes ordinary skin warts 
(described above) and not to syphilis, gonorrhoea or other 
condition. 
RESPIRATORY DISEASES. 
Ia/iamza.- Extensive work (recently reviewed by Andrewes, 
1037) has been carried out during the past four years on a virus 
originally isolated from cases of epidemic influenza by Laidlaw 
and his associates at the National Institute for Medical Research, 
London. The influenza bacillus plays no essential part in the 
etiology of this condition, which is a pure virus infection. A 
world -wide distribution of the virus has been shown as it has 
been found in countries as widely separated as the U.S.A., 
Australia, Germany, Russia and Holland. Up to now it has 
. generally been accepted that these strains are all very closely 
related, but recently it has been suggested that there may, in 
fact, be a certain amount of antigenic variation between there 
(Magill and Francis, 1936 ; Andrewes, 1937). The virus has been 
measured and falls between 0.08 and 0.12 u in diameter. 
The virus can be readily grown in tissue culture and in the 
egg. It can be transmitted to ferrets by intranasal inoculation 
of filtered throat -washings of the human case with the produc- 
tion of a purulent rhinitis transmissible in series. If injected 
under an anesthetic, pneumonia may occur. Mice can also be 
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infected, most readily from ferret- material, but also probably in 
certain cases direct froni roan, with the production of lung 
lesions. The virus after passage in ferrets has proved capable 
of causing influenza in human beings (Smith and Stuart- Harris, 
1936 ; Smorodintseff et al, 1936). 
Virus -neutralizing antibodies are absent from the serum of 
acute cases but appear during convalescence. Active immunity 
can be conferred on ferrets and mice with subcutaneous injections 
of living virus (purified by washing on collodion membranes) or 
with formolized virus (Andrewes and Smith, 1937). 
Naturally these results have led up to the question of the 
vaccination of man. Injections of living virus, formolized virus 
and egg passage virus have all been used by various workers 
(e.g., Andrewes, 1937 ; Francis and Magill, 1937), and certainly 
rises of antibody titre have been noted. As yet, however, there 
has been no convincing proof that influenza can be prevented, 
but further research, it is hoped, may achieve this result. Anti- 
viral serum has been produced from the horse, and this too may 
yet prove its value (Laidlaw et al, 1935). 
Before concluding this problem a word must be said about 
swine influenza. This has been extensively studied, mainly in 
America, by Shope (see Shope, 1931, 1935), and is an influenza) 
disease of pigs in the aetiology of which both swine -influenza 
virus and B. inf ae nzce -sais are concerned. The virus acting 
alone, however, can be transmitted to ferrets and produces a 
picture identical to that due to the human virus. For this and 
other reasons a very close relationship between the two viruses 
has been claimed, and it has been suggested that the virus now 
known as the Shope swine virus was originally the human strain 
that caused the 1918 pandemic. 
The view has been largely based on a study of the virus - 
neutralizing power of children's and adult's sera, since no 
neutralizing bodies to the swine virus were found in children 
although they were frequently present in adults, i.e., those who 
presumably acquired them in 1918 (Andrewes et al, 1935 ; 
Shope, 1936). 
Common Colds. -This disease has not been so extensively 
studied as has influenza. There appears to be no doubt, 
however, that a filterable agent can be isolated from human 
cases, which can be grown in tissue culture and transmitted to 
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apes (see Dochez l cal, 1936). Unfortunately, no smaller 
animals have been found susceptible (with the exception of th& 
hedgehog) and this fact is largely responsible for the poor 
progress that has been made. 
MUMPS. 
Filtrates of saliva from infected persons have been injected 
into the Stenson's duct of monkeys and produced a swelling 
of the parotid closely similar to human mumps. The most 
recent work (e.g., Johnson and Goodpasture, 1935) has thus 
confirmed the view expressed '13y Gordon (1914) that mumps was 
due to a filterable virus. 
PSITTACOSIS. 
The old view that this disease of parrots and man was due to 
a cultivable bacillus has been completely reversed by the 
researches of Bedson, Bland and their co- workers (see Bedson 
1936 ; Bedson and Bland, 1934). Bedson has found that the 
aetiological agent undergoes a definite life cycle, and that this 
can be readily followed either in experimentally infected mice 
or in tissue cultures. The smallest form is coccal in appearance 
and about 0.25 to 0.3,u in diameter. These forms multiple inside 
endothelial cells and eventually form a fused mass or morula 
which eventually breaks down and liberates numbers of 
elementary bodies. All forms of the virus stain basophilic 
with Giemsa or Castaneda. Ultrafiltration shows the size of 
the bodies to measure 0.2 to 0.3,u. The virus can be grown in 
tissue cultures and in eggs. 
The disease can only be diagnosed with certainty by bacterio- 
logical means (Levinthal and Bedson, 1937). During the first 
four days of illness defibrinated blood should be injected into a 
number of mice. If these do not die some should be killed after 
ten to fourteen days and smears from the spleen examined for 
virus bodies. The remaining animals are killed after four 
weeks. 
Pleural exudate and sputum may yield the virus on 
injection, if necessary repeated, of mice. 
Complement fixation occurs between convalescent serum and 
infected mouse spleen antigen (Bedson, 1933). 
INFECTIOUS MONO -NUCLEOSIS (GLANDULAR FEVER). 
The ætiological agent of this disease is unknown, but has 
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been claimed to be a virus. The most important recent advance 
is in diagnosis. The serum of cases agglutinates suspensions of 
sheep's red. blood cells in high dilution (up to 1/1,000 due to 
a heterophil antibody different in nature to these antibodies 
found in normal serum and in cases of serum disease (David - 
sohn, 1937). 
ANIMAL DISEASES RARELY TRANSMISSIBLE TO MAN. 
Looping - 111.-This disease occurs commonly in sheep in 
Scotland and is characterized by symptoms of ataxia. The 
virus is spread by ticks, is from '15 to 020,,,ujiin diameter and 
can infect mice and monkeys experimentally. Of main interest 
however are a number of reports of the disease occurring in 
laboratory workers (Rivers and Schwentker, 1934, a). These 
patients showed symptom f encephalitis but only very rarely 
ataxia. The virus wasnisolated from the blood; and after 
recovery their sera neutralized louping -ill virus. Finally, it 
has been suggested (Perdrau, 1936) that a type of encephalitis 
occurring in Australia (X disease), possibly contracted from 
sheep, may be louping -ill. 
Foot and Mouth Disease. -The virus measures 0.08 to 0.12 ,u 
in diameter, can be grown in tissue culture, and infects guinea - 
pigs and other small animals experimentally. Cases of the 
disease have been reported in man, infectious material from 
animals entering through cuts and abrasions or perhaps in milk. 
After a short incubation period the oral mucosa becomes` swollen 
and congested with numerous small vesicles. In severe cases 
similar eruptions are found on the hands or feet (Clough, 1915). 
" Orf." -This disease is commonly found in sheep as contagious 
pustular dermatitis. Cases have recently been reported in 
persons exposed to infection from such animals. The lesions 
often appear on the face as large rounded painless swellings. It 
has been suggested that this disease is clue to a filterable virus 
(Peterkin, 1937). 
Rift Valley Fever.-This disease attacks sheep, cattle and 
other animals in Kenya (Daubney and Hudson, 1936). The 
virus measures from 0'25 p.to *35 pf. in diameter, has been 
cultivated in tissue culture, and infects mice and other animals 
experimentally. Characteristic intranuclear inclusions appear 
within a few hours in infected mice. Persons exposed to 
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infection in that part of the world, and laboratory workers, may 
develop a febrile disorder characterized by severe headache and 
body pains. Intranuclear inclusions may be demonstrated 
in the liver of fatal cases. 
DISEASES OF THE CENTRAL NERVOUS SYSTEM. 
Encephalitis Lethargica. -A number of workers have isolated 
a virus from cases of encephalitis lethargica which in behaviour 
is identical with the characteristic virus of herpes. Much 
experiment was directed to proving the identity of the two 
viruses, which is now generally admitted. Less attention was 
paid, however, to proving that the virus isolated from cases of 
encephalitis was actually the primary infecting agent and not 
just an accidental contaminant. It is known that herpes virus 
may be widely distributed in the bodies of herpetic as well as 
healthy persons. It is possible, therefore, that the cases from 
which the so- called encephalitis virus were isolated were -merely 
carriers of the herpes virus. The solution is therefore in 
abeyance and the problem to be solved is -Can the herpes virus 
cause encephalitis in man ?-for that it can do so in animals is a 
matter of common knowledge. Certain serological observations 
have been directed towards elucidating this question. Thus, 
while approximately 75 per cent of normal human sera 
neutralized the herpes virus in vitro (Andrewes and Carmichael, 
1930) this property was not found in sera tested from cases of 
acute encephalitis (Gay and Holden, 1931). The precise 
interpretation of this latter finding is difficult, and particularly 
whether or not it implies that encephalitis occurs only in those 
who possess 'no immunity to herpes. For the present, therefore, 
the pathological rôle of herpes virus in encephalitis is not proven 
and the exact cetiology is uncertain. 
St. Louis Encephalitis. -In marked contrast to the unsatis- 
factory state of affairs in encephalitis lethargica a specific virus 
has been isolated from an outbreak of encephalitis that occurred 
in St. Louis, U.S.A., in 1933. The virus measures 0.2 µ to 0.3 
in diameter and infects monkeys and mice experimentally. The 
reactions produced in the monkey are closely similar to those 
found in the human cases. 
Rabies. -No elementary bodies of rabies have been 
demonstrated and the virus has not with certainty been grown 
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in tissue culture. Street virus produces the characteristic Negri 
bodies in the cytoplasm of nerve cells. These bodies have not 
been studied by modern methods and it is uncertain whether they 
represent aggregates of the virus or degenerative material. It 
has been shown that rabies may be spread in certain parts of the 
world by bats, infected cattle possibly forming a reservoir -host 
of the virus (Hurst and Pawan, 1931). 
The prevention of rabies by means of various vaccines is now 
firmly established. It should be remembered that with modern 
means of transport it is quite possible for cases of rabies to be 
infected abroad and to develop the disease in this country. 
Poliwnyelitis. -The virus of poliomyelitis is said to measure 
8 to 10 ,u ,u in diameter ; it can be propagated in tissue culture 
and infects monkeys experimentally. The disease is spread 
mainly by carriers. The virus passes to the central nervous 
system via the olfactory axis cylinders, and in the case of monkeys 
injected intravenously the central nervous system is still infected 
by the same route. 
Virus -neutralizing bodies have been found widely distributed 
in adult sera (Aycock and Kramer, 1930), and it is obvious that 
if this be due to active immunization then the virus must be very 
prevalent, without actually causing infection. As regards 
prevention of the disease, vaccines prepared from animals and 
containing viable virus have been shown to be extremely 
dangerous, as fatal results may follow their use. There is no 
very convincing evidence that killed vaccines are of value in 
preventing the disease. It appears, however, from monkey 
experiments, that picric acid and alum instilled into the nose is 
a most effective prophylactic against infection (Armstrong, 1936). 
The position of serum therapy remains unaltered ; that is to 
say, if the serum is to be of any value it must be injected in the 
preparalytic stage. 
Benign Lymphoeytic U1wrio- Meningitis. -This disease is 
being increasingly recognized in this country (for recent 
review see B..111.J., 1936, 2,, 235). This virus has been grown in 
the egg and infects, monkeys, mice, and guinea -pigs experimen- 
tally. The virus may be found endemically in certain laboratory 
stocks of mice, but whether mice transmit the disease to man has 
not been determined. Clinically the disease presents features of 
an acute meningitis with a lymphocytosis in the cerebro- spinal 
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fluid (see Hughes, 1937), and may be confused with tuberculous 
meningitis, but film examination shows no organisms and culture 
proves sterile. Animal inoculations should be carried out with 
cerebro- spinal fluid of all such cases, and intracerebral injection 
of mice results in their death in about ten days with spastic 
lesions of the limbs. The virus may be found in the blood, in 
the early stages, and convalescent serum has virus -neutralizing 
properties. 
THE ACUTE EXANTHEMATA. 
There has been little fresh knowledge introduced in regard to 
this group of infections. The diagnosis of variola by Gordon, 
Craigie and Tulloch's flocculation test has already been alluded 
to, and it may be mentioned that small -pox may be diagnosed by 
means of Paul's test. . This is performed by scarifying the 
cornea of a rabbit with variolous material and then keeping the 
animal under observation until keratitis develops, when the test 
is react as positive. The question of post- vaccinial encephalitis 
calls for no fresh comment apart from the fact that a somewhat 
similar state of aflimirs exists in the case of yellow -fever 
immunization with neurotropic virus, which has occasionally 
invaded the central nervous system in a few susceptible subjects. 
It lias been shown that certain toxic substances such as 
diphtheria and tentanus toxic do not pass the endothelial lining 
of the cerebral capillaries, whereas lamb- dysentery toxin and 
cobra venom do so. This selective mechanism is known as the 
blood -brain barrier (Friedmann and Elkeles, 1934) and may in 
certain circumstances break down, thus exposing the nervous 
system to microbic attack. 
The relationship of varicella to zoster has long been the 
subject of clinical discussion and at the present time further 
proof in favour of the m tiological relationship of these diseases 
to one another has been advanced by Amies (1934). He has 
shown that the elementary bodies present in the vesicle of 
of one of these conditions may be specifically cross -agglutinated 
by sera obtained from convalescent cases from the other 
condition. 
Reference has already been made to the prophylactic efficacy of 
convalescent measles antiserum when administered before the 
sixth day of the illness (Nobarro and Signy, 1931). The course 
of the disease may thus be modified by the early use of serum. 
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THE RHEUMATIC DISEASES. 
Schlesinger, Signy and Amies (1935) have demonstrated the 
presence of elementary bodies in pericardial effusions from cases 
of acute rheumatic fever. They have also demonstrated the 
presence of specific agglutinins in the 'sera of convalescents and 
hence claim that rheumatic fever may be a virus disease. 
Eagles (1937) later showed that the sera of patients suffering 
from rheumatic fever, chorea and rheumatoid arthritis agglutinate 
virus suspensions from the corresponding diseases - thus 
suggesting a virus aetiology similar to that of rheumatic fever. 
INCLUSION CONJUNCTIVITIS. 
This is a condition of some interest which has been described 
in America by Thygeson (1934). It is supposed to be acquired 
by swimming in infected public baths, and hence the description, 
"swimming bath conjunctivitis." There is also sonie indication 
that the disease may be spread venereally and new -born children 
may develop it from an infected mother. The pathological 
features of the disease consist of conjunctivitis, in the secretion 
of which collections of small basophilic intracytoplasmic inclusion 
bodies are found in the epithelial cells. The ætiological agent 
may be a virus or else a Member of the group of rickettsiae. So 
far, cases have not been described in this country. 
In concluding this survey of current developments in the field 
of virus diseases we fully realize that much has had to be 
omitted, but trust that we have said sufficient to arouse interest 
in this most fascinating branch of medical research. . 
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